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(57) Abstract 
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with type 1 diabetes (insulin dependent diabetes mellitus), and experimental evidence provides indication that it is the IDDM susceptibility 
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NOVEL LDL-RECEPTOR 

FIELD OF THE INVENTION 

The present invention relates to nucleic acids, • 
5 polypeptides, oligonucleotide probes and primers, methods of 
diagnosis or prognosis, and other methods relating to and 
based on the identification of a gene, which is characterised 
as a member of the LDL- receptor family and for which there are 
indications that some alleles are associated with 

10 susceptibility to insulin- dependent diabetes mellitus 
( " IDDM" ) , also known as type 1 diabetes. 

More particularly, the present invention is based on 
cloning and characterisation of a gene which the present 
inventors have termed "LDL-receptor related protein-5 {LRP5) n 

15 (previously "LRP-3") , based on characteristics of the encoded 
polypeptide which are revealed herein for the first time and 
which identify it as a member of the LDL receptor family. 
Furthermore, experimental evidence is included herein which 
provides indication that LRP5 is the IDDM susceptibility gene 

20 IDDM4 . 

BACKGROUND OF THE INVENTION 

Diabetes, the dysregulation of glucose homeostasis, 
affects about 6% of the general population. The most serious 

25 form, type 1 diabetes, which affects up to 0.4% of European- 
derived population, is caused by autoimmune destruction of the 
insulin producing /3-cells of the pancreas, with a peak age of 
onset of 12 years. The jS-cell destruction is irreversible, 
and despite insulin replacement by injection patients suffer 

30 early mortality, kidney failure and blindness (Bach, 1994; 
Tisch and McDevitt, 1996) . The major aim, therefore, of 
genetic research is to identify the genes predisposing to type 
1 diabetes and to use this information to understand disease 
mechanisms and to predict and prevent the total destruction 

35 of /3-cells and the disease. 

The mode of inheritance of type 1 diabetes does not 
follow a simple Mendelian pattern, and the concordance of 
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susceptibility genotype and the occurrence of disease is much 
less than 100%, as evidenced by the 30-70% concordance of 
identical twins (Matsuda and Kuzuya, 1994; Kyvik et al, 1995). 
Diabetes is caused by a number of genes or polygenes acting 

5 together in concert, which makes it particularly difficult to 
identify and isolate individual genes. 

The main IDDM locus is encoded by the major histo- 
compatibility complex (MHO on chromosome 6p21 (IDDM1) . The 
degree of familial clustering at this locus, Xs = 2.5, where 

10 Xs = P expected [sharing of zero alleles at the locus 
identical-by-descent (IBD)]/P observed [sharing of zero 
alleles IBD] (Risch 1987; Todd, 1994), with a second locus on 
chromosome llpl5, IDDM2, the insulin minisatellite Xs = 1.25 
(Bell et al, 1984; Thomson et al, 1989; Owerbach et al, 1990; 

lSJulier et al, 1991; Bain et al, 1992; Spielman et al, 1993; 
Davies et al, 1994; Bennett et al, 1995). These loci were 
initially detected by small case control association studies, 
based on their status as functional candidates, which were 
later confirmed by further case-control, association and 

20 linkage studies. 

These two loci, however, cannot account for all the 
observed clustering of disease in families (Xs = 15) , which is 
estimated from the ratio of the risk for siblings of patients 
and the population prevalence (6%/0.4%) (Risch, 1990). We 

25 initiated a positional cloning strategy in the hope of 
identifying the other loci causing susceptibility to type 1 
diabetes, utilising the fact that markers linked to a disease 
gene will show excess of alleles shared identical -by-descent 
in affected sibpairs (Penrose, 1953; Risch, 1990; Holmans, 

30 1 9 9 3) . 

The initial genome-wide scan for linkage utilising 289 
microsatellite markers, in 96 UK sibpair families, revealed 
evidence of linkage to an additional eighteen loci (Davies et 
al, 1994). Confirmation of linkage to two of these loci was 
35 achieved by analysis of two additional family sets (102 UK 
families and 84 USA families) , IDDM4 on chromosome llql3 (MLS 
1.3 , P = 0.003 at FGF3) and IDDM5 on chromosome 6q (MLS 1.8 
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at ESR) . At IDDM4 the most significant linkage was obtained 
in the subset of families sharing 1 or 0 alleles IBD at HLA 
(MLS = 2.8; P=0.001; As = 1.2) (Davies et al, 1994). This 
linkage was also observed by Hashimoto et al (1994) using 251 
5 affected sibpairs, obtaining P= 0.0008 in all sibpairs. 
Combining these results, with 596 families, provides 
substantial support for IDDM4 (P = 1.5X10-6) (Todd and 
Farrall, 1996; Luo et al, 1996). 

in BRIEF DESCRIPTION HP THE INVENTION 

The present inventors now disclose for the first time a 
gene encoding a novel member of the LDL-receptor family, which 
they term "LRPS" (previously »LRP-3 n ) . Furthermore, evidence 
indicates that the gene represents the IDDM susceptibility 

15 locus IDDM4, the identification and isolation of which is a 
major scientific breakthrough. 

Over the last 10 years many genes for single gene or 
monogenic diseases, which are relatively rare in the 
20 population, have been positioned by linkage analysis in 
families, and localised to a small enough region to allow 
identification of the gene. The latter sublocalisation and 
fine mapping can be carried out in single gene rare diseases 
because recombinations within families define the boundaries 
25 of the minimal interval beyond any doubt. In contrast, in 
common diseases such as diabetes or asthma the presence of the 
disease mutation does not always coincide with the development 
of the disease: disease susceptibility mutations in common 
disorders provide risk of developing of the disease, and this 
30 risk is usually much less than 100%. Hence, susceptibility 
genes in common diseases cannot be localised using 
recombination events within families, unless tens of thousands 
of families are available to fine map the locus. Because 
collections of this size are impractical, investigators are 
35 contemplating the use of association mapping, which relies on 
historical recombination events during the history of the 
population from which the families came from. 
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Association mapping has been used in over a dozen 
examples of rare single gene traits, and particularly in 
genetically isolated populations such as Finland to fine map 
disease mutations. Nevertheless, association mapping is 

5 fundamentally different from straightforward linkage mapping 
because even though the degree of association between two 
markers or a marker and a disease mutation is proportional to 
the physical distance along the chromosome this relationship 
can be unpredictable because it is dependent on the allele 

10 frequencies of the markers, the history of the population and 
the age and number of mutations at the disease locus. For 
rare, highly penetrant single gene diseases there is usually 
one major founder chromosome in the population under study, 
making it relatively feasible to locate an interval that is 

15 smaller than one that can be defined by standard recombination 
events within living families. The resolution of this method 
in monogenic diseases in which there is one main founder 
chromosome is certainly less than 2cM, and in certain examples 
the resolution is down to 100 kb of DNA (Hastbacka et al. 

20 (1994) Cell 78,1-20) . 

In common diseases like type 1 diabetes, which are caused 
by a number of genes or polygenes acting together in concert 
the population frequency of the disease allele may be very 
high, perhaps exceeding 50%, and there are likely to be 

25 several founder chromosomes', all of which impart risk, and not 
a 100% certainty of disease development. Because association 
mapping is dependent on unpredictable parameters, and because 
founder chromosomes will be several and common in frequency in 
the general population, the task of fine mapping polygenes is 

30 currently one of some controversy, and many doubt the 

feasibility at all of a systematic genetic approach using a 
combination of linkage and association mapping. Recently, 
Risch and Marakandis have provided some mathematical 
background to the feasibility of association mapping in 

35 complex diseases {Science 273 1516-1517, 1996) but they did 
not take into account the effect of multiple founder 
chromosomes . 
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As a result of these uncertainties, extremely large 
numbers of diabetic families are required for genotyping, with 
a large number of markers across a specific region, giving a 
linkage disequilibrium curve which may have several peaks. 

5 The question is, which peak identifies the aetiological 
mutation, and in what ways can we establish this? To our 
knowledge, the linkage disequilibrium curves and haplotype 
association maps shown in Figures 3, 4, 19 and 20 are the 
first of their kind for any complex polygenic disease for any 

10 locus. Curves of this nature have not been published yet in 
the literature, even for the well-established IDDMl/MHC locus. 
In this respect the work described here is entirely novel and 
at the cutting edge of research into the genetics of 
polygenes . 

15 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 illustrates approximate localisation of IDDM4 on 

chromosome llql3 . Multipoint linkage map of maximum 

likelihood IBD in a subgroup of HLA 1:0 sharers in 150 
20 families. MLS of 2.3 at FGF3 and D11S1883 (Xs = 1.19) were 

obtained (Davies et al (1994) Nature 371: 130-136). 

Figure 2 shows a physical map of the region D11S987 - 

Galanin on chromosome llql3 . The interval was cloned in pacs, 

bacs and cosmids, and restriction mapped using a range of 
25 restriction enzymes to determine the physical distance between 

each marker. 

Figure 3 shows a single-point linkage disequilibrium 
curve at the IDDM4 region. 1289 families were analysed by 
TDT, with a peak at H0570POLYA,) P=0.001. x-axis: physical 
30 distance in kb; y-axis: TDT x2 statistic (tdf ) . 

Figure 4 shows a three-point rolling linkage 
disequilibrium curve at IDDM4, with 1289 families, from four 
different populations (UK, USA, Sardinia and Norway) . In 
order to minimise the effects of variation in allele frequency 
35 at each polymorphism, the TDT data was obtained at three 

consecutive markers, and expressed as an average of the three, 
x-axis: physical distance in kb; y-axis : TDT x2 statistic. 

Figure 5(a) shows DNA sequence of the LRP5 isoform 1 
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cDNA. 

Figure 5(b) shows the DNA sequence of the longest open 
reading frame present in the LRP5 cDNA. 

Figure 5(c) amino acid sequence translation (in standard 
5 single letter code) of the open reading frame in Figure 5 (b) . 

Figure 5(d) motifs of LRP5 isoform 1, encoded by the open 
reading frame contained in Figure 5(b). Symbols: Underlined 
residues 1-24 contain a signal for protein export and 
cleavage, T indicates the position of an intron/exon boundary, 
10 * indicates a putative N-linked glycosylation site in the 
proposed extracellular portion of the receptor. The EGF- 
binding motifs are shaded light gray, LDL-receptor ligand 
motifs are shaded a darker gray. The spacer regions are 
indicated by the underlined four amino acids with high 
15 similarity to the YWTD motif. A putative transmembrane 

spanning domain is underlined with a heavy line. Areas shaded 
in the cytoplasmic domain (1409 to end) may be involved in 
endocytosis . 

Figure 5(e) amino acid sequence of the mature LRP5 
20 protein. 

Figure 5(f) shows the comparison of the nucleotide 
sequence of the first 432 nucleotides of the 5' end of the 
human isoforml cDNA sequence (Figure 5(a)) on the upper line 
with the first 4 93 nucleotides of the 5' end of the mouse Lrp5 

25 cDNA sequence (Figure 16(a)) on the lower line. The 

comparison was performed using the GCG algorithm GAP (Genetics 
Computer Group, Madison, WI) . 

Figure 5 (g) shows the comparison of the first 550 amino 
acids of human LRP5 isoform 1 with the first 533 amino acids 

30 of mouse Lrp5 using the GCG algorithm GAP (Genetics Computer 
Group, Madison, WI) . 

Figure 6(a) shows the amino acid sequence of LRP5 motifs. 
A comparison was made using the program crossmatch (obtained 
from Dr. Phil Green, University of Washington) between the 

35 motifs present in LRP1 and the LRP5 amino acid sequence. The 
best match for each LRP5 motif is shown. For each motif, the 
top line is the LRP5 isoform 1 amino acid sequence, the 
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middle line is amino acids that are identical in the two 
motifs, the lower line is the amino acid sequence of the best 
match LRP1 motif. Of particular note are the conserved 
cysteine (C) residues that are the hallmark of both the EGF- 
5 precursor and LDL- receptor ligand binding motifs. 

Figure 6 (b) illustrates the motif organization of the 
LDL- receptor and LRP5 . The LDL-receptor ligand binding motif 
are represented by the light gray boxes, the EGFlike motifs 
are represented by the dark gray boxes. The YWTD spacer 

10 motifs are indicated by the vertical lines. The putative 
transmembrane domains are represented by the black box. 

Figure 7 shows LRP5 gene structure. The DNA sequence of 
contiguous pieces of genomic DNA is represented by the heavy 
lines and are according to the indicated scale. The position 

15 of the markers D11S1917 (UT5620) , H0570POLYA, L3001CA, 

D11S1337, and D11S970 are indicated. The exons are indicated 
by the small black boxes with their numerical or alphabetical 
name below, the size of the exons is not to scale. 

Figure 8 illustrates different LRP5 gene isoforms. 

20 Alternatively spliced 5' ends of the LRP5 gene are indicated 
with the isoform number for each alternatively spliced form. 
The light gray arrow indicates the start of translation which 
occurs in exon 6 in isoform 1, may occur upstream of exon 1 in 
isoform 3 and occurs in exon B in isoforms 2, 4, 5. and 6. 

25 The core 22 exons (A to V) are represented by the box. 

Figure 9 is a SNP map of Contig 57. Polymorphisms were 
identified by the comparison of the DNA sequence of BAC 14-1- 
15 with cosmids EO 864 and BO 7185. Corresponding Table 6 
indicates a PCR amplicon that includes the site of the 

30 polymorphism, the nature of the single nucleotide polymorphis 
(SNP) , its location and the restriction site that is altered, 
if any. The line represents the contiguous genomic DNA with 
the relative location of the polymorphisms and the amplicons 
used to detect them. The large thin triangles represent the 

35 site of putative exons. The marker H0570POLYA is indicated. 

Figure 10 is a SNP map of Contig 58. Polymorphisms were 
identified by the comparison of the DNA sequence of BAC 14-1- 
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15 with cosmid BO 7185. Corresponding Table 6 indicates a PCR 
amplicon that includes the site of the polymorphism, the 
nature of the single nucleotide polymorphism (SNP) , its 
location and the restriction site that is altered, if any. 
5 The line represents the contiguous genomic DNA with the 
relative location of the polymorphisms and the amplicons used 
to detect them. The large thin triangle at the very end of 
the line represents exon A of LRP5. 

Figure 11 (a) shows the DNA sequence of the isoform 2 

lOcDNA. 

Figure 11(b) shows the longest open reading frame of 
isoform 2 (also isoform 4,5,6). 

Figure 11(c) shows the amino acid sequence of isoform 2 
(also isoform 4,5,6), encoded by the open reading frame of 
15 Figure 12 (b) . 

Figure 12(a) shows the DNA sequence of isoform 3 cDNA. 
Figure 12 (b) shows sequence obtained by GRAIL and a 
putative extension of isoform 3 . 

Figure 12(c) shows a putative open reading frame for 
20 isoform 3 . 

Figure 12(d) shows the amino acid sequence of isoform 3. 
Figure 12(e) shows the GRAIL predicted promoter sequence 
for isoform 3 . 

Figure 13 shows the DNA sequence of the isoform 4 cDNA, 
25 which contains an open reading frame encoding isoform 2 
(Figure 11 (b) ) . 

Figure 14 shows the DNA sequence of the present in cDNA 
isoform 5, which contains an open reading frame encoding 
isoform 2 (Figure 11 (b) ) . 
30 Figure 15 shows the DNA sequence of isoform 6, which 

contains an open reading frame encoding isoform 2 ( Figure 11 
(b)) . 

Figure 15 (b) shows the GRAIL predicted promoter sequence 
associated with isof orm6 . 
35 Figure 16 (a) shows the DNA sequence of a portion of the 

mouse Lrp5 cDNA. 

Figure 16(b) shows the DNA sequence of the 5' extension 
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of the mouse clone. 

Figure 16(c) shows the DNA sequence of a portion of the 
open reading frame of mouse Lrp5. 

Figure 16 (d) show the amino acid sequence of the open 
5 reading frame encoding a portion of mouse Lrp5. 

Figure 17 (a) shows DNA sequence of exons A to V. 

Figure 17 (b) shows the amino acid sequence encoded by an 
open reading frame contained in Figure 17(a). 

Figure 18 (a) shows the nucleotide sequence of the full 
10 length mouse Lrp5 cDNA. 

Figure 18 (b) shows the nucleotide sequence for the 
longest open reading frame present in the mouse Lrp5 cDNA. 

Figure 18 (c) shows the amino acid sequence translation 
(in single letter code) of the open reading frame in Figure 18 
15 (b) . 

Figure 18 (d) shows an alignment of the amino acid 
sequence of the human LRP5 protein and the mouse Lrp5 protein 
program using the GCG algorithm GAP (Genetics Computer Group, 
Madison, WI) . 

20 Figure 18 (e) shows an alignment of the amino acid 

sequence of the mature human LRP5 protein with the mature 
mouse LRP5 program using the GCG algorithm GAP (Genetics 
Computer Group, Madison, WI) . 

Figure 19 shows a schematic representation of haplotypes 

25 across the IDDM4 region. Three distinct haplotypes are shown. 
Haplotype A is protective against IDDM whereas haplotypes B 
and C are susceptible/non-protective for IDDM. 

Figure 20 shows a schematic representation of single 
nucleotide polymorphism (SNP) haplotypes across the IDDM4 

30 region. Haplotype A is protective whereas haplotypes B, C, D, 
and E are susceptible/non-protective. A minimal region of 25 
kb which is Identical By Descent (IBD) for the four 
susceptible haplotypes is indicated. The SNP designations, 
e.g. 57-3, are as described in Table 6 and Figures 9 and 10. 

35 

LRP5 Gene Structure 

The gene identified contains 22 exons, termed A-V, which 
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encode most of the mature LRP5 protein. The 22 exons account 
for 4961 nucleotides of the LRP5 gene transcript (Figure 5(a)) 
and are located in an approximately 110 kb of genomic DNA. 
The genomic DNA containing these exons begins downstream of 

5 the genetic marker L3001CA and includes the genetic markers 
D11S1337, 14lca5, and D11S970 (Figure 7) . Several different 
5' ends of the LRP5 transcript have been identified. Of 
particular interest is isoform 1 with a 5' end encoding a 
signal peptide sequence for protein export (secretory leader 

10 peptide) across the plasma membrane. As discussed below the 
LRP5 protein is likely to contain a large extracellular 
domain, therefore it would be anticipated that this protein 
would have a signal sequence. The exon encoding the signal 
sequence, termed exon 6, lies near the genetic marker 

15 H0S70POLYA. This exon is 35 kb upstream of exon A and thus 
extends the genomic DNA comprising the LRP5 gene to at least 
I60kb. 

Several additional isoforms of the LRP5 gene that arise 
from alternative splicing of the 5' end have been identified 

20 by PCR (Figure 8) . The functional relevance of these 
additional isoforms is not clear. Two of these LRP5 
transcripts contain exon 1 which is located upstream of the 
genetic marker D11S1917 (UT5620) and expands the LRP5 gene to 
approximately 180 kb of genomic DNA. The transcript termed 

25 isoform 3 consists of exon 1 spliced directly to exon A. The 
reading frame is open at the 5' end and thus there is the 
potential for additional coding information present in exons 
upstream of exon 1. Alternatively, centromeric extension of 
exon 1 to include all of the open reading frame associated 

30 with this region yields the open reading frame for isoform 3. 

The second transcript that contains exon 1 also contains 
exon 5, which is located near the genetic marker H0570POLYA. 
The open reading frame for this isoform, isoform 2, begins in 
exon B and thus encodes a truncated LRP5 protein which lacks 

35 any predicted secretory leader peptide in the first 100 amino 
acids: There are three additional transcripts each with an 
open reading frame beginning in exon B and with 5' ends near 
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the genetic marker L3001CA. 

Expression Profile of LRP5 

Northern blot analysis indicates that the major mRNA 

5 transcript for the LRP5 gene is approximately 5 to 5.5 kb and 
is most highly expressed in liver, pancreas, prostate, and 
placenta. Expression is also detected in skeletal muscle, 
kidney, spleen, thymus, ovary, lung, small intestine, and 
colon. Minor bands both larger and smaller than 5 kb are 

10 detected and may represent alternative splicing events or 
related family members. 

LRP5 is a Member of the LDL-receptor Family 

The gene identified in the IDDM4 locus, lrp5, is a member 
15 of the LDL-receptor family. This family of proteins has 

several distinguishing characteristics, a large extracellular 
domain containing cysteine rich motifs which are involved in 
ligand binding, a single transmembrane spanning domain, and an 
"NPXY" internalization motif (Krieger and Herz (1994) Ann. 
20Rev. Biochem. 63: 601-637). The functional role of the 
members of this family is the clearance of their ligands by 
the mechanism of receptor mediated endocytosis. This is 
illustrated by the most highly characterized member of the 
family, the LDL-receptor which is responsible for the 
25 clearance of LDL cholesterol from plasma (Goldstein, et. al . 
(1985) Ann. Rev. Cell Biol. 1: 1-39). 

LRP5 is most closely related to the LDL-receptor related 
protein (LRP) which is also know as the alpha2-macroglobulin 
receptor. Translation of the open reading frame (ORF) of 
30isoform 1 yields the LRP 5 protein. Comparison of the LRP5 
protein to human LRP1 using the algorithm GAP (Genetics 
Computer Group, Madison, WI) reveals an overall amino acid 
similarity of 55% and 34% identity to the region of the human 
LRP1 protein from amino acids 1236 to 2934. The DNA of this 
35 ORF is 45% identical to LRP1 encoding DNA as indicated by GAP. 
A slightly lower but significant level of similarity is seen 
with the megalin receptor also termed LRP2 and gp330 (Saito, 
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et .al.. (1994) Proc. Natl. Acad. Sci. 91: 9725-9729), as well 
as the Drosophilla vitellogenin receptor (Schonboum et. al. 
(1995) Proc. Natl. Acad. Sci. 92: 1485-1489). Similarity is 
also observed with other members of the LDL- receptor family 

5 including the LDL- receptor (Suedhof et. al. (1985) Science 
228: 815-822) and the VLDL receptor (Oka et. al. (1994) 
Genomics 20: 298-300) . Due to the presence of EGF-like motifs 
in LRP5 similarity is also observed with the EGF precursor and 
nidogen precursor which are not members of the LDL- receptor 

10 family. 

Properties and Motifs of LRP5 

The N-terminal portion of LRP5 likely has the potential 
for a signal sequence cleavage site. Signal sequences are 
15 frequently found in proteins that are exported across the 
plasma membrane (von Heijne (1994) Ann. Rev. Biophys. Biomol. 
Struc. 23: 167-192). In addition, other members of the LDL- 
receptor family contain a signal sequence for protein export. 
The presence of a signal sequence cleavage site was 
20 initially identified by a comparison of the human LRP5 with a 
mouse cDNA sequence that we obtained. The initial mouse 
partial cDNA sequence that we obtained, 1711 nucleotides 
(Figure 16(a)), is 87% identical over an approximately 1500 
nucleotide portion to the human LRP5 cDNA and thus is likely 
25 to be the mouse ortholog {Lrp5) of the human LRP5. The cloned 
portion of the mouse cDNA contains an open reading frame 
(Figure 16(c)) encoding 533 amino acids. The initiating codon 
has consensus nucleotides for efficient translation at both 
the -3 (purine) and +4 (G nucleotide) positions (Kozak, M. 
30 1996, Mamalian Genome 7:563-574). A 500 amino acid of the 
portion of the mouse Lrp5 (Figure 5(g) and Figure 16(d)) is 
96% identical to human LRP5, further supporting the proposal 
that this is the mouse ortholog of LRP5. 

Significantly, the first 200 nucleotides of the mouse 
35 cDNA have very little similarity to the 5' extensions present 
in isoforms 2-6 discussed below. By contrast this sequence is 
75% identical with the human sequence for exon 6 that 
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comprises the 5' end of isoform 1. Thus isoform 1 which 
encodes a signal peptide for protein export likely represents 
the most biologically relevant form of LRP5. 

Importantly, both the human LRP5 and mouse Lrp5 open 

5 reading frames encodes a peptide with the potential to act as 
a eukaryotic signal sequence for protein export (von Heijne, 
1994, Ann. Rev. Biophys. Biomol. Struc. 23:167-192). The 
highest score for the signal sequence as determined by using 
the SigCleave program in the GCG analysis package (Genetics 

10 Computer Group, Madison WI) generates a mature peptide 

beginning at residue 25 of human LRP5 and residue 29 of mouse 
Lrp5 (Figure 5 (d and g) ) . Additional sites that may be 
utilized produce mature peptides in the human LRP5 beginning 
at amino acid residues 22, 23, 23, 26, 27, 28, 30 or 32. 

15 Additional cleavage sites in the mouse Lrp5 result in mature 
peptides beginning at amino acid residue 31, 32, 33, or 38 
(Figure 5(g)) . The mature human LRP5 protein is show in Figure 
5(e) . 

The other alternative isoforms of LRP5 lack a signal 

20 sequence near the N- terminus of the encoded protein. The 
functional relevance of these additional isoforms is not 
known, however there are several exported proteins which lack 
a signal sequence and are transported by a signal peptide 
independent mechanism (Higgins, C.F. (1992) Ann. Rev. Cell 

25 Biol. 8: 67-113). Thus it is possible that the putative 

extracellular domain of these isoforms is translocated across 
the plasma membrane. 

The extracellular domain of members of the LDL receptor 
family contains multiple motifs containing six cysteine 

30 residues within an approximately 40 amino acid region. 
(Krieger and Herz (1994) Ann. Rev. Biochem. 63: 601-637). 
Several classes of these cysteine rich motifs have been 
defined based on the spacing of the cysteine residues and the 
nature of other conserved amino acids within the motif. The 

35 LDL- receptor ligand binding (class A) motif is distinguished 
by a cluster of acidic residues in the C-terminal portion of 
the motif which includes a highly conserved SDE sequence. The 
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importance of this acidic region in ligand binding has been 
demonstrated by mutagenesis studies (Russell et. al . (1989) J. 
Biol. Chem. 264: 21682-21688). Three LDL-receptor ligand 
binding motifs are found in the LRP5 protein (Figure 6 (a) ) . 
5 The EGF-like (class B) motif lacks the cluster of acidic 
residues present in the LDL-receptor ligand binding motif. In 
addition, the spacing of the cysteine residues differs in the 
EGF-like motifs relative to the LDL-receptor ligand binding 
motif. The LRP5 protein contains 4 EGF-precursor (B.2) 

10 motif s, which have the property of an NGGCS motif between the 
first and second cysteine residue (Figure 6(a)). 

The size of the members of the LDL receptor family and 
the number of the cysteine-rich repeats in the extracellular 
domain varies greatly. LRP1 is a large protein of 4544 amino 

15 acids and contains 31 LDL-receptor ligand binding motifs 
(class A) and 22 EGF-like motifs (class B) (Herz et. al., 
(1988) EMBO 7: 4119-4127) . Similarly the megalin receptor, 
LRP2, is a protein of 4660 amino acids and consists of 36 LDL- 
receptor ligand binding motifs and 17 EGF-like motifs (Saito 

20et. al. (1994) PNAS 91: 9725-9729). In contrast, the LDL 
receptor is a relatively small protein of 879 amino acids 
which contains 7 LDL-ligand binding motifs and 3 EGF-like 
motifs. The predicted size of the mature LRP5 protein, 1591 
amino acids, is intermediate between LRP1 and the LDL 

25 receptor. As indicated above the LRP5 protein contains four 
EGF-like motifs and three LDL-ligand binding motifs. It has 
been postulated that the multiple motif units, particularly 
evident in LRP1 and LRP2, account for the ability of these 
proteins to bind multiple lipoprotein and protein ligands 

30 (Krieger and Herz (1994) Ann. Rev. Biochem. 63: 601-637) . 

The arrangement of the LDL-receptor ligand binding and 
EGF-like motifs relative to each other is similar in both the 
LDL receptor, LRP1, and LRP2 . In each of these proteins 
multiple LDL-ligand binding motifs are grouped together and 

35 followed by at least one EGF-like motif (Herz et. al., (1988) 
EMBO 7: 4119-4127, 1988) . By contrast, in the LRP5 protein an 
EGF-like motif precedes the group of three LDL-ligand binding 
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motifs (Figure 6(b)). An additional property unique to LRP5 
is that the LDL-ligand binding motifs in LRP5 are followed by 
the putative transmembrane domain. The different arrangement 
of the motifs may define LRP5 as a member of a new subfamily 
5 within the LDL-receptor related protein family. 

LRP5 has a signal peptide for protein export at the N- 
terminus of the protein. Signal peptide cleavage yields a 
mature LRP5 protein which begins with an EGF precursor spacer 

10 domain from amino acids 31-297 (amino acid residue numbers are 
based upon the LRP5 precursor) . The EGF precursor spacer 
domain is composed of five approximately 50 amino acid repeats 
that each contain the characteristic sequence motif Tyr-Trp- 
Thr-Asp (YWTD) . There are three additional spacer domains 

15 from amino acids 339-602, 643-903, and 944-1214. Each spacer 
domain is followed by an EGF repeat from amino acids 297-338 
(egfl), 603-642 (egf2) , 904-943 (egf3) , and 1215-1255 (egf4) . 
The EGF repeats contain six conserved cysteine residues and 
are of the B.2 class which has an Asn-Gly-Gly-Cys (NGGC) motif 

20 as a feature (Herz et al. 1988, EMBO J 7:4119-27) (Figure 
6(a)). A single unit defined as an EGF precursor spacer 
domain and an EGF repeat, is repeated four times in LRP5 . The 
last EGF repeat is adjacent to three consecutive LDLR repeats 
from amino acids 1257-1295 (Idlrl) , 1296-1333 (ldlr2) , and 

25 1334-1372 (ldlr3) . The LDLR repeats have the conserved 

cysteine residues, as well as, the motif Ser-Asp-Glu (SDE) as 
a characteristic feature (Figure 6(a)). There are thirteen 
amino acids separating the LDLR repeats from the putative 
transmembrane spanning domain of 23 amino acids from 1386- 

30 1408. The putative extracellular domain of LRP5 has six 
potential sites for N- linked glycosylation at amino acid 
residues 93, 138, 446, 499, 705, and 878 (Figure 5(d)). 

The intracellular domain of LRP5 is comprised of 207 
35 amino acids which is longer than most members of the family 
but similar in size to LRP2 (Saito et. al . (1994) PNAS 
91:9725-9729) . It does not exhibit similarity to the LDL- 
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receptor family, nor is it similar to any other known 
proteins. The cytoplasmic domain of LRP5 is comprised of 16% 
proline and 15% serine residues (Figure 5(d)). Most members 
of the LDL- receptor family contain a conserved NPXY motif in 

5 the cytoplasmic domain which has been implicated in 
endocytosis by coated pits (Chen et. al. (1990) J. Biol. Chem. 
265: 3116-3123). Mutagenesis studies have indicated that the 
critical residue for recognition by components of the 
endocytotic process is the tyrosine residue (Davis, et al . 

10 (1987) Cell 45: 15-24) . Replacement of the tyrosine residue 
by phenylalanine or tryptophan is tolerated, thus the minimal 
requirement for this residue appears to be that it is aromatic 
amino acid (Davis, etal. (1987) Cell 45: 15-24). Structural 
studies have indicated that the critical function of the NP 

15 residues is to provide a beta-turn that presents the aromatic 
residue (Bansal and Gierasch (1991) Cell 67: 1195-1201). 

Although the cytoplasmic domain of LRP5 does not contain 
an NPXY motif, there are several aromatic residues in the LRP5 
cytoplasmic domain that lie in putative turn regions (Figure 

20 5(d)) and thus may be involved in facilitating endocytosis. 
In particular tyrosine 1473 which occurs in the sequence VPLY 
motif has the proline and tyrosine in the correct position, 
relative to the consensus motif. Although the NPXY motif has 
been implicated in endocytosis in several proteins it is not 

25 an absolute requirement as there are proteins that lack the 
NPXY motif, e.g. the transferrin receptor, that undergo 
endocytosis by coated pits (Chen, et. al. (1990) J. Biol. 
Chem. 265: 3116-3123). In any event, we anticipate that the 
primary function of this protein will be receptor mediated 

30 endocytosis of its ligand. 

Potential Roles of LRP5 

The ability of members of the LDL-receptor family to bind 
multiple ligands suggests that LRP5 may function to bind one 
35 or more ligands. Moreover, in a fashion analogous to other 
members of the family, once bound the LRP5 receptor ligand 
complex would endocytose resulting in clearance of the ligand 
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from the extracellular milieu- The nature of the LRP5 ligand 
may be a lipid, a protein, a protein complex, or a lipoprotein 
and may possess a variety of functions. Although the 
physiological function of the most closely related member of 
5 the LDL- receptor family, LRP1, is uncertain, it does possess a 
number of biochemical activities. LRP1 binds to alpha-2 
macroglobulin. Alpha -2 macroglobulin is a plasma complex that 
contains a "bait" ligand for a variety of proteinases e.g. 
trypsin, chymotrypsin, pancreatic elastase and plasma 

iOkallikrein (Jensen (1989) J. Biol. Chem. 20:11539-11542). 

Once the proteinase binds and enzymatically cleaves the "bait" 
alpha -2 macroglobulin undergoes a conformational change and 
"traps" the proteinase. The proteinase : alpha- 2 macroglobulin 
complex is rapidly cleared by LRP. This mechanism scavenges 

15 proteinases that have the potential to mediate a variety of 
biological functions e.g. antigen processing and proteinase 
secretion (Strickland et. al. (1990) J. Biol. Chem. 265: 
17401-17404) . The importance of this function is evidenced by 
the prenatal death of Lrpl knockout mice (Zee et. al . (1994) 

20 Genomics 23: 256-259). 

Antigen presentation is a critical component in the 
development of IDDM as is evidenced by the pivotal role of MHC 
haplotypes in conferring disease susceptibility (Tisch and 
McDivitt (1996) Cell 85: 291-297). By analogy with LRP1, LRP 5 

25 may play a role in antigen presentation in which case 

polymorphisms within this gene could affect the development of 
autoimmunity in the type 1 diabetic patient. 

The alpha-2 macroglobulin complex also binds cytokines 
and growth factors such as interleukin- 1 beta, interleukin 2, 

30 interleukin 6, transforming growth factor-beta, and fibroblast 
growth factor (Moestrup and Gliemann (1991) J. Biol. Chem. 
266: 14011-14017) . Thus the alpha-2 macroglobulin receptor 
has the potential to play a role in the clearance of cytokines 
and growth factors. The role of cytokines in mediating immune 

35 and inflammatory responses is well established. For example, 
the interleukin- 2 gene is a strong candidate gene for the Idd3 
locus in the non-obese diabetic mouse, an animal model for 
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type 1 diabetes (Denny et. al . (1977) Diabetes 46:695-700 ) . 
If LRP5 binds alpha -2 macroglobulin or related complexes then 
it may play a role in the immune response by mediating 
cytokine clearance. For example, the LRP5 which is expressed 
5 in pancreas, the target tissue of IDDM, may play a role in 
clearing cytokines from the inflammatory infiltrate 
(insulitis) that is ongoing in the disease. A polymorphism in 
LRP5 that reduces the ability of LRP5 to clear cytokines may 
increase an individuals susceptibility to developing IDDM. 

10 Furthermore an individual with a polymorphism that increases 
the ability of LRP5 to clear cytokines may be protected from 
developing IDDM. Conversely, certain cytokines counteract 
other cytokines and thus removal of certain beneficial 
cytokines by LRP5 may confer disease susceptibility and thus a 

15 polymorphism that reduces LRP5 activity may confer protection 
from developing the disease. 

Increases of free fatty acids (FFA) have been shown to 
reduce insulin secretion in animals (Boden et. al . (1997) 
Diabetes 46: 3-10) . In addition, ApoE which is a ligand for 

20 the LDL- receptor, has been associated with an antioxidant 

activity (Miyata and Smith (1996) Nature Genet. 14: 55-61) and 
oxidative damage is a central pathogenic mechanism in 
pancreatic jS-cell destruction in type 1 diabetes (Bac (1994) 
Endocrin. Rev. 15: 516-542) . Thus alterations in the ability 

25 of LRP5 to bind ApoE and related lipoproteins may influence 
the susceptibility to oxidative damage in pancreatic 0-cells. 
Transfection of forms of LRP5 into /J~cells may facilitate 
resistance of /? cells to damage by the immune system in 
autoimmunity and in transplantation. 

30 A pharmacological entity termed the lipolysis-stimulated 

receptor (LSR) which binds and endocytoses chylomicron 
remnants in the presence of FFA has been described (Mann et. 
al.. (1995) Biochemistry 34: 10421-10431. One possible role 
for the LRP5 gene product is that it is responsible for this 

35 activity. 

Another member of the LRP family is LRP2, also known as 
megalin and gp330, this protein has been implicated in 
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Heymann's nephritis, an autoimmune disease of the kidney in 
. rats (Saito et. al . (1994) PNAS 91: 9725-9729). Heymann's 
nephritis is a model of glomerularnephritis and is 
characterized by the development of autoantibodies to the 
5 alpha -2 macroglobulin receptor associated protein, also known 
as the Heymann nephritis antigen. The Heymann nephritis 
antigen binds to LRP2 (Strickland et. al. (1991) J. Biol. 
Chem. 266: 13364-13369). LRP2 may play a role in this disease 
by clearance of this pathogenic protein. In an analogous 
10 manner the function of LRP5 may be to bind and clear proteins 
in the pancreas to which the IDDM patient has generated 
autoantibodies. Alternatively LRP5 itself may be an 
autoantigen in the IDDM patient. 

LRP1 has been identified as the receptor for certain 
15 bacterial toxins (Krieger and Herz (1994) Ann. Rev. Biochem. 
63: 601-637) and the human rhinovirus (Hofer et. al. (1994) 
Proc. Natl. Acad. Sci . 91: 1839-42). It is possible that a 
viral infection alters an individuals susceptibility to IDDM 
(Epstein (1994) N. Eng. J. Med. 331: 1428-1436). If certain 
20 viruses utilize LRP5 as a mode of entry into the cell then 
polymorphisms in LRP5 may alter the individuals susceptibility 
to type 1 diabetes. 

Alterations in LRP5 may participate in the pathogenesis 
of other diseases. LRP1 binds lipoproteins such as apoE and 
25 C-apolipoproteins. The clearance of lipoproteins such as apoE 
and apoB by the LDL receptor is its primary role, mutations in 
the LDL receptor lead to hypercholesterolemia (Chen et. al. 
(1990) J. Biol. Chem. 265: 3116-3123). Therefore mutations in 
LRP5 that decrease the ability of the protein to scavenge 
30 lipoproteins may cause an elevation in cholesterol. 

Variations in LRP5 could predispose to the development of 
macrovascular complications in diabetics, the major cause of 
death. In type 2 diabetics, pancreatic pathology is 
characterised by the deposition of amyloid. Amyloid 
35 deposition may decrease pancreatic 0-cell function. LRP5 
could function in the metabolism of islet amyloid and 
influence susceptibility to type 2 diabetes as well as type 1 
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diabetes. The role of ApoE in Alzheimer's disease indicates 
that proteins such as LRP1 and possibly LRP5 have the 
potential to contribute to the pathogenesis of this disease. 
Polymorphism in genes involved in the development of 
5 osteoporosis-pseudoglioma syndrome have been mapped to a 3-cM 
region of chromosome 11 which includes the gene encoding LRP5 
(Gong et. al . (1996) Am. J. Hum. Genet. 59: 146-151). The 
pathogenic mechanism of this disease is unknown but is 
believed to involve a regulatory role, patients with have 

10 aberrant vascular growth in the vitero-retina. The potential 
role of LRP5 in the clearance of fibroblast growth factor, a 
mediator of angiogenesis, and the chromosomal location of the 
gene suggests that it may play a. role in this disease. This 
proposed function could also be connected with the development 

15 of retinopathy in diabetes. 

Polymorphisms in the LRP5 Gene 

The exons of the LRP5 gene are being scanned for 
polymorphisms. There are several polymorphisms that change an 

20 amino acid in LRP5 that have been identified in IDDM patients 
(Table 5) . Of particular interest is a C to T transition, 
which changes an Ala codon to Val, in one of the three 
conserved LDL receptor ligand binding motifs. In addition to 
this polymorphism described above, a C to T transition was 

25 identified in the codon for Asn 709 (with no effect on the 
encoded amino acid) , and three polymorphisms were identified 
in intronic sequences flanking the exons. An additional set 
of polymorphisms has been identified by comparing 
experimentally derived cDNA sequences with the genomic DNA 

30 sequence (Table 5) . Some of these polymorphism will be 
analyzed in a large number of IDDM patients and control 
individuals to determine their association with IDDM. 

A number of (approximately 30) single nucleotide 
polymorphisms (SNPs) were identified in the genomic DNA 

35 sequences of overlapping BAC and cosmid clones surrounding the 
genetic marker poly A. The contiguous genomic sequences 
containing these polymorphism have been termed contig 57 
(Figure 9) , which contains exons 1 and 5 along with the 
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genetic markers poly A and D11S1917 (UT5620) , and contig 58 
(Figure 10) which contains the genetic marker L3001ca and part 
of exon A. 

5 Additional Experimental Evidence 

A region of identity-by-descent associated with type 1 
diabetes has been identified in the 5' portion of the LRP5 
gene. By combining data from SNPs and microsatellite markers 
we have identified a region identical -by-descent in 

10 susceptible haplotypes, the minimal region consists of 25 kb 
which contains the putative regulatory regions of LRP5 and the 
first exon. This strengthens the genetic evidence for LRP5 
being a diabetes risk gene. Therefore therapies that affect 
LRP5 may be useful in the prevention and treatment of type 1 

15 diabetes. 

Overexpression of LRP5 in mice provides evidence for LRP5 
affecting lipoprotein metabolism. Statistically significant 
evidence for modulation of triglycerides by LRP5 has been 
obtained. Thus therapies that affect LRP5 may be useful in 

20 the treatment of cardiovascular disease and conditions where 
serum triglycerides are elevated. 

Suggestive evidence was obtained for LRP5 reducing serum 
cholesterol when it is above normal. There is also evidence 
for the ability of LRP5 to interact with very low-density 

25 lipoprotein particles and reduce their levels in serum. 
Therefore therapies that affect LRP-5 may be useful in the 
treatment of cardiovascular disease and conditions where serum 
cholesterol levels are elevated. 

Biochemical studies indicate that LRP5 has the capacity 

30 to function in the uptake of low-density lipoprotein (LDL) 
particles. Thus therapies that affect LRP5 may be useful in 
the treatment of cardiovascular disease where LDL levels are 
elevated. 

Overexpression of LRP5 in mice provided statistically 
35 significant evidence for a reduction in serum alkaline 
phosphatase. A reduction in serum alkaline phosphatase is 
consistent with LRP5 playing a role in modulation of the 
immune response. This provides evidence for LRP5 
participating in the pathogenesis of type 1 diabetes. 
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Therefore therapies that affect LRP5 may be useful in the 
treatment of autoimmune diseases. 

Cellular localization of LRP5 indicates that it is 
expressed in a particular subtype, the phagocytic macrophages, 

5 of mature tissue macrophages. Evidence from the literature 
indicates that this class of macrophages is involved in 
autoimmune disease, supporting a role for LRP5 in autoimmune 
disease and type 1 diabetes. Therefore therapies that affect 
LRP5 may be useful in the treatment of autoimmune diseases. 

10 Full length cDNAs for both human aLnd mouse LRP5 have been 

obtained. Antibodies directed against LRP5 have been 
developed. These reagents provide tools to further analyze 
the biological function of LRP5. 

15 Irrespective of LRP5's actual mode of action and 

involvement in IDDM and other diseases, the experimental work 
described herein establishes and supports the practical 
applications which are disclosed as aspects and embodiments of 
the present invention. 

20 

According to one aspect of the present invention there is 
provided a nucleic acid molecule which has a nucleotide 
sequence encoding a polypeptide which includes the amino acid 
sequence shown in Figure 5(c), Figure 5(d) or Figure 5(e). 

25 The amino acid sequence of Figure 5(c) includes that of Figure 
5(e) and a signal sequence. 

The coding sequence may be that shown included in Figure 
5(a) or Figure 5(b) or it may be a mutant, variant, derivative 
or allele of the sequence shown. The sequence may differ 

30 from that shown by a change which is one or more of addition, 
insertion, deletion and substitution of one or more 
nucleotides of the sequence shown. Changes to a nucleotide 
sequence may result in an amino acid change at the protein 
level, or not, as determined by the genetic code. 

35 Thus, nucleic acid according to the present invention may 

include a sequence different from the sequence shown in Figure 
5(a) or Figure 5(b) yet encode a polypeptide with the same 
amino acid sequence. The amino acid sequence shown in Figure 
5(c) consists of 1615 residues. 
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On the other hand the encoded polypeptide may comprise an 
amino acid sequence which differs by one or more amino acid 
residues from the amino acid sequence shown in Figure 5(c). 
Nucleic acid encoding a polypeptide which is an amino acid 
5 sequence mutant, variant, derivative or allele of the sequence 
shown in Figure 5(c) is further provided by the present 
invention. Such polypeptides are discussed below. Nucleic 
acid encoding such a polypeptide may show at the nucleotide 
sequence and/or encoded . amino acid level greater than about 

10 60% homology with the coding sequence shown in Figure 5(a) 
and/or the amino acid sequence shown in Figure 5(c), greater 
than about 70% homology, greater than about 80% homology, 
greater than about 90% homology or greater than about 95% 
homology. For amino acid "homology", this may be understood 

15 to be similarity (according to the established principles of 
amino acid similarity, e.g. as determined using the algorithm 
GAP (Genetics Computer Group, Madison, WI) or identity. GAP 
uses the Needleman and Wunsch algorithm to align two complete 
sequences that maximizes the number of matches and minimizes 

20 the number of gaps. Generally, the default parameters are 
used, with a gap creation penalty = 12 and gap extension 
penalty = 4. Use of either of the terms "homology" and 
"homologous" herein does not imply any necessary evolutionary 
relationship between compared sequences, in keeping for 

25 example with standard use of terms such as "homologous 
recombination" which merely requires that two nucleotide 
sequences are sufficiently similar to recombine under the 
appropriate conditions. Further discussion of polypeptides 
according to the present invention, which may be encoded by 

30 nucleic acid according to the present invention, is found 
below. 

The present invention extends to nucleic acid that 
hybridizes with any one or more of the specific sequences 
disclosed herein under stringent conditions. Suitable 
35 conditions include, e.g. for detection of sequences that are 
about 80-90% identical such as detection of mouse LRP5 with a 
human .probe or vice versa, hybridization overnight at 42°C in 
0.25M Na 2 HP0 4 , pH 7.2, 6.5% SDS, 10% dextran sulfate and a 
final wash at 55°C in 0.1X SSC, 0.1% SDS. For detection of 
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sequences that are greater than about 90% identical, suitable 
conditions include hybridization overnight at 65°C in 0.25M - 
Na 2 HP0 4 , pH 7.2, 6.5% SDS, 10% dextran sulfate and a final wash 
at 60°C in 0 . IX SSC, 0.1% SDS. 

5 The coding sequence may be included within a nucleic acid 

molecule which has the sequence shown in Figure 5(a) (isoform 
1) or Figure 5(b) and encode the full polypeptide of isoform 1 
(Figure 5(c)). Mutants, variants, derivatives and alleles of 
these sequences are included within the scope of the present 

10 invention in terms analogous to those set out in the preceding 
paragraph and in the following disclosure. 

Also provided by the present invention in various aspects 
and embodiments is a nucleic acid molecule encoding a 
polypeptide which includes the amino acid sequence shown in 

15 Figure 17(b) This sequence forms a substantial part of the 
amino acid sequence shown in Figure 5(e). Nucleic acid 
encoding a polypeptide which includes the amino acid sequence 
shown in Figure 17 (b) may include the coding sequence shown in 
Figure 17(b), or an allele, variant, mutant or derivative in 

20 similar terms to those discussed above and below for other 
aspects and embodiments of the present invention. 

According to various aspects of the present invention 
there are also provided various isoforms of the LRP5 
polypeptide and gene. The gene of Figure 5 is known as 

25 isoform 1. Included within the present invention is a nucleic 
acid molecule which has a nucleotide sequence encoding a 
polypeptide which includes the amino acid sequence of a 
polypeptide shown in Figure 11(c) (isoform 2). The coding 
sequence may be as shown in Figure 11 (b) (which may be 

30 included within a molecule which has the sequence shown in 
Figure. 11(a) (isoform 2) or the sequence shown in Figure 
12(a) (isoform 3)), Figure 13 (isoform 4), Figure 14 (isoform 
5) and Figure 15 (isoform 6) . Mutants, derivatives, variants 
and alleles of these sequences are also provided by the 

35 present invention, as disclosed. 

Further nucleic acid molecules according to the present 
invention include the nucleotide sequence of any of Figure 
5(a), Figure 12(b), Figure 12(e), Figure 15(b), Figure 16(a) 
and Figure 16 (b) and nucleic acid encoding the amino acid 
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sequences encoded by Figure 5 (a), Figure 1Kb), Figure 12(c) 
or Figure 16(c), along with mutants, alleles, variants and - 
derivatives of these sequences. Further included are nucleic 
acid molecules encoding the amino acid sequence of Figure 
5 18(c), particularly including the coding sequence shown in 
Figure 18 (b) . 

Particular alleles according to the present invention 
have sequences have a variation indicated in Table 5 or Table 
6. One or more of these may be associated with susceptibility 
10 to IDDM or other disease. Alterations in a sequence according 
to the present invention which are associated with IDDM or 
other disease may be preferred in accordance with embodiments 
of the present invention. Implications for screening, e.g. 
for diagnostic or prognostic purposes, are discussed below. 

15 

Generally, nucleic acid according to the present 
invention is provided as an isolate, in isolated and/or 
purified form, or free or substantially free of material with 
which it is naturally associated, such as free or 
20 substantially free of nucleic acid flanking the gene in the 
human genome, except possibly one or more regulatory 
sequence (s) for expression. Nucleic acid may be wholly or 
partially synthetic and may include genomic DNA, cDNA or RNA. 
The coding sequence shown herein is a DNA sequence. Where 
25 nucleic acid according to the invention includes RNA, 
reference to the sequence shown should be construed as 
encompassing reference to the RNA equivalent, with U 
substituted for T. 

Nucleic acid may be provided as part of a replicable 
30 vector, and also provided by the present invention are a 
vector including nucleic acid as set out above, particularly 
any expression vector from which the encoded polypeptide can 
be expressed under appropriate conditions, and a host cell 
containing any such vector or nucleic acid. An expression 
35 vector in this context is a nucleic acid molecule including 
nucleic acid encoding a polypeptide of interest and 
appropriate regulatory sequences for expression of the 
polypeptide, in an in vitro expression system, e.g. 
reticulocyte lysate, or in vivo, e.g. in eukaryotic cells such 



WO 98/46743 




PCT/GB98/01102 



26 

as COS or CHO cells or in prokaryotic cells such as E. coli. 
This is discussed further below. 

The nucleic acid sequence provided in accordance with the 

5 present invention is useful for identifying nucleic acid of 
interest (and which may be according to the present invention) 
in a test sample. The present invention provides a method of 
obtaining nucleic acid of interest, the method including 
hybridisation of a probe having the sequence shown in any of 

10 Figures 5(a), 11(a), 11(b), 12(a), 12(b), 12(c), 12(e), 13, 
14, 15, 15(b) 16(a), 16(b), and 16(c), or a complementary 
sequence, to target nucleic acid. Hybridisation is generally 
followed by identification of successful hybridisation and 
isolation of nucleic acid which has hybridised to the probe, 

15 which may involve one or more steps of PGR. It will not 

usually be necessary to use a probe with the complete sequence 
shown in any of these figures. Shorter fragments, 
particularly fragments with a sequence encoding the conserved 
motifs (Figure 5{c,d), and Figure 6(a)) may be used. 

20 Nucleic acid according to the present invention is 

obtainable using one or more oligonucleotide probes or primers 
designed to hybridise with one or more fragments of the 
nucleic acid sequence shown in any of the figures, 
particularly fragments of relatively rare sequence, based on 

25 codon usage or statistical analysis. A primer designed to 
hybridise with a fragment of the nucleic acid sequence shown 
in any of the figures may be used in conjunction with one or 
more oligonucleotides designed to hybridise to a sequence in a 
cloning vector within which target nucleic acid has been 

30 cloned, or in so-called "RACE" (rapid amplification of cDNA 
ends) in which cDNA' s in a library are ligated to an 
oligonucleotide linker and PCR is performed using a primer 
which hybridises with a sequence shown and a primer which 
hybridises to the oligonucleotide linker. 

35 Such oligonucleotide probes or primers, as well as the 

full-length sequence (and mutants, alleles, variants and 
derivatives) are also useful in screening a test sample 
containing nucleic acid for the presence of alleles, mutants 
and variants, with diagnostic and/or prognostic implications 
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as discussed in more detail below. 

Nucleic acid isolated and/or purified from one or .more 
cells (e.g. human) or a nucleic acid library derived from 
nucleic acid isolated and/or purified from cells (e.g. a cDNA 

5 library derived from mRNA isolated from the cells) , may be 
probed under conditions for selective hybridisation and/or 
subjected to a specific nucleic acid amplification reaction 
such as the polymerase chain reaction (PCR) (reviewed for 
instance in "PCR protocols; A Guide to Methods and 

10 Applications" , Eds. Innis et al, 1990, Academic Press, New 
York, Mullis et al f Cold Spring Harbor Symp. Quant. Biol., 
51:263, (1987), Ehrlich (ed) , PCR technology, Stockton Press, 
NY, 1989, and Ehrlich et al, Science, 252:1643-1650, (1991)). 
PCR comprises steps of denaturation of template nucleic acid 

15 (if double - stranded) , annealing of primer to target, and 
polymerisation. The nucleic acid probed or used as template 
in the amplification reaction may be genomic DNA, cDNA or RNA. 
Other specific nucleic acid amplification techniques include 
strand displacement activation, the QB replicase system, the 

20 repair chain reaction, the ligase chain reaction and ligation 
activated transcription. For convenience, and because it is 
generally preferred, the term PCR is used herein in contexts 
where other nucleic acid amplification techniques may be 
applied by those skilled in the art. Unless the context 

25 requires otherwise, reference to PCR should be taken to cover 
use of any suitable nucleic amplification reaction available 
in the art. 

In the context of cloning, it may be necessary for one or 
more gene fragments to be ligated to generate a full-length 

30 coding sequence. Also, where a full-length encoding nucleic 
acid molecule has not been obtained, a smaller molecule 
representing part of the full molecule, may be used to obtain 
full-length clones. Inserts may be prepared from partial cDNA 
clones and used to screen cDNA libraries. The full-length 

35 clones isolated may be subcloned into expression vectors and 
activity assayed by transfection into suitable host cells, 
e.g. with a reporter plasmid. 

A method may include hybridisation of one or more (e.g. 
two) probes or primers to target nucleic acid. Where the 
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nucleic acid is double -stranded DNA, hybridisation will 
generally be preceded by denaturation to produce single - 
stranded DNA. The hybridisation may be as part of a PCR 
procedure, or as part of a probing procedure not involving 
5 PCR. An example procedure would be a combination of PCR and 
low stringency hybridisation. A screening procedure, chosen 
from the many available to those skilled in the art, is used 
to identify successful hybridisation events and isolated 
hybridised nucleic acid. 

10 Binding of a probe to target nucleic acid (e.g. DNA) may 

be measured using any of a variety of techniques at the 
disposal of those skilled in the art. For instance, probes 
may be radioactively, f luorescently or enzymatically labelled. 
Other methods not employing labelling of probe include 

15 examination of restriction fragment length polymorphisms, 
amplification using PCR, RN'ase cleavage and allele specific 
oligonucleotide probing. Probing may employ the standard 
Southern blotting technique. For instance DNA may be 
extracted from cells and digested with different restriction 

20 enzymes. Restriction fragments may then be separated by 
electrophoresis on an agarose gel, before denaturation and 
transfer to a nitrocellulose filter. Labelled probe may be 
hybridised to the DNA fragments on the filter and binding 
determined. DNA for probing may be prepared from RNA 

25 preparations from cells. 

Preliminary experiments may be performed by hybridising 
under low stringency conditions various probes to Southern 
blots of DNA digested with restriction enzymes. Suitable 
conditions would be achieved when a large number of 

30 hybridising fragments were obtained while the background 
hybridisation was low. Using these conditions nucleic acid 
libraries, e.g. cDNA libraries representative of expressed 
sequences, may be searched. Those skilled in the art are well 
able to employ suitable conditions of the desired stringency 

35 for selective hybridisation, taking into account factors such 
as oligonucleotide length and base composition, temperature 
and so on. On the basis of amino acid sequence information, 
oligonucleotide probes or primers may be designed, taking into 
account the degeneracy of the genetic code, and, where 
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appropriate, codon usage of the organism from the candidate 
nucleic acid is derived. An oligonucleotide for use in 
nucleic acid amplification may have about 10 or fewer codons 
(e.g. 6, 7 or 8) , i.e. be about 30 or fewer nucleotides in 

5 length (e.g. 18, 21 or 24). Generally specific primers are 
upwards of 14 nucleotides in length, but need not be than 18- 
20. Those skilled in the art are well versed in the design of 
primers for use processes such as PCR. Various techniques for 
synthesizing oligonucleotide primers are well known in the 

10 art, including phosphotriester and phosphodiester synthesis 
methods . 

Preferred amino acid sequences suitable for use in the 
design of probes or PCR primers may include sequences 
conserved (completely, substantially or partly) encoding the 
15 motifs present in LRP5 (Figure 5(d). 

A further aspect of the present invention provides an 
oligonucleotide or polynucleotide fragment of the nucleotide 
sequence shown in any of the figures herein providing nucleic 
acid according to the present invention, or a complementary 
20 sequence, in particular for use in a method of obtaining 
and/or screening nucleic acid. Some preferred 
oligonucleotides have a sequence shown in Table 2, Table 4, 
Table 7, Table 8 or Table 9, or a sequence which differs from 
any of the sequences shown by addition, substitution, 
25 insertion or deletion of one or more nucleotides, but 
preferably without abolition of ability to hybridise 
selectively with nucleic acid in accordance with the present 
invention, that is wherein the degree of similarity of the 
oligonucleotide or polynucleotide with one of the sequences 
30 given is sufficiently high. 

In some preferred embodiments, oligonucleotides according 
to the present invention that are fragments of any of the 
sequences shown, or any allele associated with IDDM or other 
disease susceptibility, are at least about 10 nucleotides in 
35 length, more preferably at least about 15 nucleotides in 
length, more preferably at least about 20 nucleotides in 
length. Such fragments themselves individually represent 
aspects of the present invention. Fragments and other 
oligonucleotides may be used as primers or probes as discussed 
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but may also be generated (e.g. by PCR) in methods concerned 
with determining the presence in a test sample of a sequence 
indicative of IDDM or other disease susceptibility. 

Methods involving use of nucleic acid in diagnostic 
5 and/or prognostic contexts, for instance in determining 
susceptibility to IDDM or other disease, and other methods 
concerned with determining the presence of sequences 
indicative of IDDM or other disease susceptibility are 
discussed below. 

10 

Further embodiments of oligonucleotides according to the 
present invention are anti- sense oligonucleotide sequences 
based on the nucleic acid sequences described herein. Anti- 
sense oligonucleotides may be designed to hybridise to the 

15 complementary sequence of nucleic acid, pre-mRNA or mature 
mRNA, interfering with the production of polypeptide encoded 
by a given DNA sequence (e.g. either native polypeptide or a 
mutant form thereof) , so that its expression is reduce or ^ 
prevented altogether. Anti-sense techniques may be used to 

20 target a coding sequence, a control sequence of a gene, e.g. 
in the 5' flanking sequence, whereby the antisense 
oligonucleotides can interfere with control sequences. Anti- 
sense oligonucleotides may be DNA or RNA and may be of around 
14-23 nucleotides, particularly around 15-18 nucleotides, in 

25 length. The construction of antisense sequences and their use 
is described in Peyman and Ulman, Chemical Reviews, 90:543- 
584, (1990), and Crooke, Ann. Rev. Pharmacol. Toxicol., 

32:329-376, (1992). 

Nucleic acid according to the present invention may be 

30 used in methods of gene therapy, for instance in treatment of 
individuals with the aim of preventing or curing (wholly or 
partially) IDDM or other disease. This may ease one or more 
symptoms of the disease. This is discussed below. 

Nucleic acid according to the present invention, such as 

35 a full-length coding sequence or oligonucleotide probe or 
primer, may be provided as part of a kit, e.g. in a suitable 
container such as a vial in which the contents are protected 
from the external environment. The kit may include 
instructions for use of the nucleic acid, e.g. in PCR and/or a 
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method for determining the presence of nucleic acid of 
interest in a test sample. A kit wherein the nucleic acid is 
intended for use in PCR may include one or more other reagents 
required for the reaction, such as polymerase, nucleosides, 

5 buf f er solution etc. The nucleic acid may be labelled. A kit 
for use in determining the presence or absence of nucleic acid 
of interest may include one or more articles and/or reagents 
for performance of the method, such as means for providing the 
test sample itself, e.g. a swab for removing cells from the 

10 buccal cavity or a syringe for removing a blood sample (such 
components generally being sterile) . 

According to a further aspect, the present invention 
provides a nucleic acid molecule including a LRP5 gene 
promoter. 

15 In another aspect, the present invention provides a 

nucleic acid molecule including a promoter, the promoter 
including the sequence of nucleotides shown in Figure 12 (e) or 
Figure 15 (b) . The promoter may comprise one or more fragments 
of the sequence shown in Figure 12(e) or Figure 15(b), 

20 sufficient to promote gene expression. The promoter may 
comprise or consist essentially of a sequence of nucleotides 
5' to the LRP5 gene in the human chromosome, or an equivalent 
sequence in another species, such as the mouse. 

Any of the sequences disclosed in the figures herein may 

25 be used to construct a probe for use in identification and 
isolation of a promoter from a genomic library containing a 
genomic LRP5 gene. Techniques and conditions for such probing 
are well known in the art and are discussed elsewhere herein. 
To find minimal elements or motifs responsible for tissue 

30 and/or developmental regulation, restriction enzyme or 
nucleases may be used to digest a nucleic acid molecule, 
followed by an appropriate assay (for example using a reporter 
gene such as lucif erase) to determine the sequence required. 
A preferred embodiment of the present invention provides a 

35 nucleic acid isolate with the minimal nucleotide sequence 
shown in Figure 12(e) or Figure 15(b) required for promoter 
activity. 

As noted, the promoter may comprise one or more sequence 
motifs or elements conferring developmental and/or tissue- 
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specific regulatory control of expression. Other regulatory 
sequences may be included, for instance as identified by 
mutation or digest assay in an appropriate expression system 
or by sequence comparison with available information, e.g. 
5 using a computer to search on-line databases. 

By "promoter" is meant a sequence of nucleotides from 
which transcription may be initiated of DNA operably linked 
downstream (i.e. in the 3' direction on the sense strand of 
double -stranded DNA) . 
10 "Operably linked" means joined as part of the same 

nucleic acid molecule, suitably positioned and oriented for 
transcription to be initiated from the promoter. DNA operably 
linked to a promoter is "under transcriptional initiation 
regulation" of the promoter. 
15 The present invention extends to a promoter which has a 

nucleotide sequence which is allele, mutant, variant or 
derivative, by way of nucleotide addition, insertion, 
substitution or deletion of a promoter sequence as provided 
herein. Preferred levels of sequence homology with a provided 
20 sequence may be analogous to those set out above for encoding 
nucleic acid and polypeptides according to the present 
invention. Systematic or random mutagenesis of nucleic acid 
to make an alteration to the nucleotide sequence may be 
performed using any technique known to those skilled in the 
25 art . One or more alterations to a promoter sequence according 
to the present invention may increase or decrease promoter 
activity, or increase or decrease the magnitude of the effect 
of a substance able to modulate the promoter activity. 
"Promoter activity" is used to refer to ability to 
30 initiate transcription. The level of promoter activity is 
quantifiable for instance by assessment of the amount of mRNA 
produced by transcription from the promoter or by assessment 
of the amount of protein product produced by translation of 
mRNA produced by transcription from the promoter. The amount 
35 of a specific mRNA present in an expression system may be 
determined for example using specific oligonucleotides which 
are able to hybridise with the mRNA and which are labelled or 
may be used in a specific amplification reaction such as the 
polymerase chain reaction. Use of a reporter gene facilitates 
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determination of promoter activity by reference to protein 
production. 

Further provided by the present invention is a nucleic 
acid construct comprising a LRP5 promoter region or a 

5 fragment, mutant, allele, derivative or variant thereof able 
to promoter transcription, operably linked to a heterologous 
gene, e.g. a coding sequence. A "heterologous" or "exogenous" 
gene is generally not a modified form of LRP5. Generally, the 
gene may be transcribed into mRNA which may be translated into 

10a peptide or polypeptide product which may be detected and 
preferably quantitated following expression. A gene whose 
encoded product may be assayed following expression is termed 
a "reporter gene", i.e. a gene which "reports" on promoter 
activity. 

15 The reporter gene preferably encodes an enzyme which 

catalyses a reaction which produces a detectable signal, 
preferably a visually detectable signal, such as a coloured 
product. Many examples are known, including 0-galactosidase 
and lucif erase. jS- galactosidase activity may be assayed by 

20 production of blue colour on substrate, the assay being by eye 
or by use of a spectro-photometer to measure absorbance. 
Fluorescence, for example that produced as a result of 
luciferase activity, may be quantitated using a 
spectrophotometer. Radioactive assays may be used, for 

25 instance using chloramphenicol acetyltransf erase, which may 
also be used in non- radioactive assays. The presence and/or 
amount of gene product resulting from expression from the 
reporter gene may be determined using a molecule able to bind 
the product, such as an antibody or fragment thereof. The 

30 binding molecule may be labelled directly or indirectly using 
any standard technique. 

Those skilled in the art are well aware of a multitude of 
possible reporter genes and assay techniques which may be used 
to determine gene activity. Any suitable reporter/assay may 

35 be used and it should be appreciated that no particular choice 
is essential to or a limitation of the present invention. 



Nucleic acid constructs comprising a promoter (as 
disclosed herein) and a heterologous gene (reporter) may be 
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employed in screening for a substance able to modulate 
activity of the promoter. For therapeutic purposes, e.g. for 
treatment of IDDM or other disease, a substance able to up- 
regulate expression of the promoter may be sought. A method 

5 of screening for ability of a substance to modulate activity 
of a promoter may comprise contacting an expression system, 
such as a host cell, containing a nucleic acid construct as 
herein disclosed with a test or candidate substance and 
determining expression of the heterologous gene. 

10 The level of expression in the presence of the test 

substance may be compared with the level of expression in the 
absence of the test substance. A difference in expression in 
the presence of the test substance indicates ability of the 
substance to modulate gene expression. An increase in 

15 expression of the heterologous gene compared with expression 
of another gene not linked to a promoter as disclosed herein 
indicates specificity of the substance for modulation of the 
promoter. 

A promoter construct may be introduced into a cell line 
20 using any technique previously described to produce a stable 
cell line containing the reporter construct integrated into 
the genome. The cells may be grown and incubated with test 
compounds for varying times. The cells may be grown in 96 
well plates to facilitate the analysis of large numbers of 
25 compounds. The cells may then be washed and the reporter gene 
expression analysed. For some reporters, such as lucif erase * 
the cells will be lysed then analysed. 

Following identification of a substance which modulates 
or affects promoter activity, the substance may be 
30 investigated further. Furthermore, it may be manufactured 
and/or used in preparation, i.e. manufacture or formulation, 
of a composition such as a medicament, pharmaceutical 
composition or drug. These may be administered to 
individuals . 

35 Thus, the present invention extends in various aspects 

not only to a substance identified using a nucleic acid 
molecule as a modulator of promoter activity, in accordance 
with what is disclosed herein, but also a pharmaceutical 
composition, medicament, drug or other composition comprising 
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such a substance, a method comprising administration of such a 
composition to a patient, e.g. for increasing LRP5 expression 
for instance in treatment (which may include preventative 
treatment) of IDDM or other disease, use of such a substance 

5 in manufacture of a composition for administration, e.g. for 
increasing LRP5 expression for instance in treatment of IDDM 
or other disease, and a method of making a pharmaceutical 
composition comprising admixing such a substance with a 
pharmaceutical^ acceptable excipient, vehicle or carrier, and 

10 optionally other ingredients. 

A further aspect of the present invention provides a 
polypeptide which has the amino acid sequence shown in Figure 
5(c), which may be in isolated and/or purified form, free or 
15 substantially free of material with which it is naturally 
associated, such as other polypeptides or such as human 
polypeptides other than that for which the amino acid sequence 
is shown in Figure 5(c), or (for example if produced by 
expression in a prokaryotic cell) lacking in native 
20glycosylation, e.g. unglycosylated. Further polypeptides 
according to the present invention have an amino acid 
sequence selected from that shown in the polypeptide shown in 
Figure 11(c), that shown in 12(d), and the partial polypeptide 
shown in Figure 16 (d) . 
25 Polypeptides which are amino acid sequence variants, 

alleles, derivatives or mutants are also provided by the 
present invention. A polypeptide which is a variant, allele, 
derivative or mutant may have an amino acid sequence which 
differs from that given in a figure herein by one or more of 
30 addition, substitution, deletion and insertion of one or more 
amino acids. Preferred such polypeptides have LRP5 function, 
that is to say have one or more of the following properties: 
immunological cross -reactivity with an antibody reactive the 
polypeptide for which the sequence is given in a figure 
35 herein; sharing an epitope with the polypeptide for which the 
amino acid sequence is shown in a figure herein (as determined 
for example by immunological cross-reactivity between the two 
polypeptides; a biological activity which is inhibited by an 
antibody raised against the polypeptide whose sequence is 
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shown in a figure herein; ability to reduce serum 
triglyceride; ability to reduce serum cholesterol; ability to 
interact with and/or reduce serum levels of very low-density 
lipoprotein particles; ability to affect serum alkaline 
5 phosphatase levels . Alteration of sequence may change the 
nature and/or level of activity and/or stability of the LRP5 
protein. 

A polypeptide which is an amino acid sequence variant, 

10 allele, derivative or mutant of the amino acid sequence shown 
in a figure herein may comprise an amino acid sequence which 
shares greater than about 35% sequence identity with the 
sequence shown, greater than about 40%, greater than about 
50%, greater than about 60%, greater than about 70%, greater 

15 than about 80%, greater than about 90% or greater than about 
95%. The sequence may share greater than about 60% 
similarity, greater than about 70% similarity, greater than 
about 80% similarity or greater than about 90% similarity with 
the amino acid sequence shown in the relevant figure. Amino 

20 acid similarity is generally defined with reference to the 
algorithm GAP (Genetics Computer Group, Madison, WI) as noted 
above, or the TBLASTN program, of Altschul et al . (1990) J. 
Mol. Biol. 215: 403-10. Similarity allows for "conservative 
variation", i.e. substitution of one hydrophobic residue such 

25 as isoleucine, valine, leucine or methionine for another, or 
the substitution of one polar residue for another, such as 
arginine for lysine, glutamic for aspartic acid, or glutamine 
for asparagine. Particular amino acid sequence variants may 
differ from that shown in a figure herein by insertion, 

30 addition, substitution or deletion of 1 amino acid, 2, 3, 4, 
5-10, 10-20 20-30, 30-50, 50-100, 100-150, or more than 150 
amino acids. 

Sequence comparison may be made over the full-length of 
the relevant sequence shown herein, or may more preferably be 
35 over a contiguous sequence of about or greater than about 20, 
25, 30, 33, 40, 50, 67, 133, 167, 200, 233, 267, 300, 333, 
400, 450, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 
1400, 1500, 1600, or more amino acids or nucleotide triplets, 
compared with the relevant amino acid sequence or nucleotide 



WO 98/46743 




PCT/GB98/01102 



37 



sequence as the case may be. 

The present invention also includes active portions, 
fragments, derivatives and functional mimetics of the 
polypeptides of the invention. An "active portion" of a 

5 polypeptide means a peptide which is less than said full 
length polypeptide, but which retains a biological activity, 
such as a biological activity selected from binding to ligand, 

' involvement in endocytosis. Thus an active portion of the 

LRP5 polypeptide may, in one embodiment, include the 
10 transmembrane domain and the portion of the cytoplasmic tail 
involved in endocytosis. Such an active fragment may be 
included as part of a fusion protein, e.g. including a binding 
portion for a different ligand. In different embodiments, 
combinations of LDL and EGF motifs may be included in a 
15 molecule to confer on the molecule different binding 
specificities. 

A "fragment" of a polypeptide generally means a stretch 
of amino acid residues of at least about five contiguous amino 
acids, often at least about seven contiguous amino acids, 

20 typically at least about nine contiguous amino acids, more 
preferably at least about 13 contiguous amino acids, and, more 
preferably, at least about 20 to 30 or more contiguous amino 
acids. Fragments of the LRP5 polypeptide sequence may include 
antigenic determinants or epitopes useful for raising 

25 antibodies to a portion of the amino acid sequence. Alanine 
scans are commonly used to find and refine peptide motifs 
within polypeptides, this involving the systematic replacement 
of each residue in turn with the amino acid alanine, followed 
by an assessment of biological activity. 

30 Preferred fragments of LRP5 include those with any of the 

following amino acid sequences: 
S YFHLFPPPPS PCTDSS 
VDGRQNIKRAKDDGT 
EVLFTTGLIRPVALWDN 

35 I QGHLDFVMD I LVFHS , 

which may be used for instance in raising or isolating 
antibodies. Variant and derivative peptides, peptides which 
have an amino acid sequence which differs from one of these 
sequences by way of addition, insertion, deletion or 
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substitution of one or more amino acids are also provided by 
the present invention, generally with the proviso that the 
variant or derivative peptide is bound by an antibody or other 
specific binding member which binds one of the peptides whose 
5 sequence is shown. A peptide which is a variant or 
derivative of one of the shown peptides may compete with the 
shown peptide for binding to a specific binding member, such 
as an antibody or antigen-binding fragment thereof . 

A "derivative" of a polypeptide or a fragment thereof may 

10 include a polypeptide modified by varying the amino acid 
sequence of the protein, e.g. by manipulation of the nucleic 
acid encoding the protein or by altering the protein itself. 
Such derivatives of the natural amino acid sequence may 
involve one or more of insertion, addition, deletion or 

15 substitution of one or more amino acids, which may be without 
fundamentally altering the qualitative nature of biological 
activity of the wild type polypeptide. Also encompassed 
within the scope of the present invention are functional 
mimetics of active fragments of the LRP5 polypeptides provided 

20 (including alleles, mutants, derivatives and variants). The 
term "functional mimetic" means a substance which may not 
contain an active portion of the relevant amino acid sequence, 
and probably is not a peptide at all, but which retains in 
qualitative terms biological activity of natural LRP5 

25 polypeptide. The design and screening of candidate mimetics 
is described in detail below. 

Sequences of amino acid sequence variants representative 
of preferred embodiments of the present invention are shown in 
Table 5 and Table 6. Screening for the presence of one or 

30 more of these in a test sample has a diagnostic and/or 
prognostic use, for instance in determining IDDM or other 
disease susceptibility, as discussed below. 

Other fragments of the polypeptides for which sequence 
35 information is provided herein are provided as aspects of the 
present invention, for instance corresponding to functional 
domains. One such functional domain is the putative 
extracellular domain, such that a polypeptide fragment 
according to the present invention may include the 
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extracellular domain of the polypeptide of which the amino 
acid sequence is shown in Figure 5(e) or Figure 5(c). This 
runs to amino acid 1385 of the precursor sequence of Figure 
5(c). Another useful LRP5 domain is the cytoplasmic domain, 
5 207 amino acids shown in Figure 5(d) . This may be used in 
targeting proteins to move through the endocytotic pathway. 

A polypeptide according to the present invention may be 
isolated and/or purified (e.g. using an antibody) for instance 

10 after production by expression from encoding nucleic acid (for 
which see below) . Thus, a polypeptide may be provided free or 
substantially free from contaminants with which it is 
naturally associated (if it is a naturally-occurring 
polypeptide) . A polypeptide may be provided free or 

15 substantially free of other polypeptides. Polypeptides 

according to the present invention may be generated wholly or 
partly by chemical synthesis. The isolated and/or purified 
polypeptide may be used in formulation of a composition, which 
may include at least one additional component, for example a 

20 pharmaceutical composition including a pharmaceutical ly 
acceptable excipient, vehicle or carrier. A composition 
including a polypeptide according to the invention may be used 
in prophylactic and/or therapeutic treatment as discussed 
below. 

25 A polypeptide, peptide fragment, allele, mutant, 

derivative or variant according to the present invention may 
be used as an immunogen or otherwise in obtaining specific 
antibodies. Antibodies are useful in purification and other 
manipulation of polypeptides and peptides, diagnostic 

30 screening and therapeutic contexts. This is discussed further 
below. 

A polypeptide according to the present invention may be 
used in screening for molecules which affect or modulate its 
35 activity or function, e.g. binding to ligand, involvement in 
endocytosis, movement from an intracellular compartment to the 
cell surface, movement from the cell surface to an 
intracellular compartment. Such molecules may interact with 
the ligand binding portion of LRP5, the cytoplasmic portion of 
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LRP5, or with one or more accessory molecules e.g. involved in 
movement of vesicles containing LRP5 to and from the cell 
surface, and may be useful in a therapeutic (possibly 
including prophylactic) context. 
5 It is well known that pharmaceutical research leading to 

the identification of a new drug may involve the screening of 
very large numbers of candidate substances, both before and 
even after a lead compound has been found. This is one factor 
which makes pharmaceutical research very expensive and time- 

10 consuming. Means for assisting in the screening process can 
have considerable commercial importance and utility. Such 
means for screening for substances potentially useful in 
treating or preventing IDDM or other disease is provided by 
polypeptides according to the present invention. Substances 

15 identified as modulators of the polypeptide represent an 
advance in the fight against IDDM and other diseases since 
they provide basis for design and investigation of 
therapeutics for in vivo use. Furthermore, they may be useful 
in any of a number of conditions, including autoimmune 

20 diseases, such as glomerulonephritis, diseases and disorders 
involving disruption of endocytosis and/or antigen 
presentation, diseases and disorders involving cytokine 
clearance and/or inflammation, viral infection, pathogenic 
bacterial toxin contamination, elevation of free fatty acids 

25 or hypercholesterolemia, type 2 diabetes, osteoporosis, and 
Alzheimer's disease, given the functional indications for 
LRP5, discussed elsewhere herein. As noted elsewhere, LRP5, 
fragments thereof, and nucleic acid according to the invention 
may also be useful in combatting any of these diseases and 

30 disorders . 

A method of screening for a substance which modulates 
activity of a polypeptide may include contacting one or more 
test substances with the polypeptide in a suitable reaction 
35 medium, testing the activity of the treated polypeptide and 
comparing that activity with the activity of the polypeptide 
in comparable reaction medium untreated with the test 
substance or substances. A difference in activity between the 
treated and untreated polypeptides is indicative of a 
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modulating effect of the relevant test substance or 
substances . 

Combinatorial library technology (Schultz, JS (1996) 
Biotechnol. Prog. 12:729-743) provides an efficient way of 

5 testing a potentially vast number of different substances for 
ability to modulate activity of a polypeptide. Prior to or as 
well as being screened for modulation of activity, test 
substances may be screened for ability to interact with the 
polypeptide, e.g. in a yeast two-hybrid system (which requires 

10 that both the polypeptide and the test substance can be 

expressed in yeast from encoding nucleic acid) . This may be 
used as a coarse screen prior to testing a substance for 
actual ability to modulate activity of the polypeptide. 

15 Following identification of a substance which modulates 

or affects polypeptide activity, the substance may be 
investigated further. Furthermore, it may be manufactured 
and/or used in preparation, i.e. manufacture or formulation, 
of a composition such as a medicament, pharmaceutical 

20 composition or drug. These may be administered to 
individuals . 

Thus, the present invention extends in various aspects 
not only to a substance identified as a modulator of 
polypeptide activity, in accordance with what is disclosed 

25 herein, but also a pharmaceutical composition, medicament, 
drug or other composition comprising such a substance, a 
method comprising administration of such a composition to a 
patient, e.g. for treatment (which may include preventative 
treatment) of IDDM or other disease, use of such a substance 

30 in manufacture of a composition for administration, e.g. for 
treatment of IDDM or other disease, and a method of making a 
pharmaceutical composition comprising admixing such a 
substance with a pharmaceutically acceptable excipient, 
vehicle or carrier, and optionally other ingredients. 

35 

A substance identified using as a modulator of 
polypeptide or promoter function may be peptide or non-peptide 
in nature. Non-peptide "small molecules" are often preferred 
for many in vivo pharmaceutical uses. Accordingly, a mimetic 
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or mimick of the substance (particularly if a peptide) may be 
designed for pharmaceutical use. The designing of mimetics to 
a known pharmaceutical ly active compound is a known approach 
to the development of pharmaceuticals based on a "lead" 
5 compound. This might be desirable where the active compound 
is difficult or expensive to synthesise or where it is 
unsuitable for a particular method of administration, e.g. 
peptides are not well suited as active agents for oral 
compositions as they tend to be quickly degraded by proteases 

10 in the alimentary canal. Mimetic design, synthesis and 

testing may be used to avoid randomly screening large number 
of molecules for a target property. 

There are several steps commonly taken in the design of 
a mimetic from a compound having a given target, property. 

15 Firstly, the particular parts of the compound that are 

critical and/or important in determining the target property 
are determined. In the case of a peptide, this can be done by 
systematically varying the amino acid residues in the peptide, 
e.g. by substituting each residue in turn. These parts or 

20 residues constituting the active region of the compound are 
known as its "pharmacophore". 

Once the pharmacophore has been found, its structure is 
modelled to according its physical properties, e.g. 
stereochemistry, bonding, size and/or charge, using data from 

25a range of sources, e.g. spectroscopic techniques, X-ray 

diffraction data and NMR. Computational analysis, similarity 
mapping (which models the charge and/or volume of a 
pharmacophore, rather than the bonding between atoms) and 
other techniques can be used in this modelling process. 

30 In a variant of this approach, the three-dimensional 

structure of the ligand and its binding partner are modelled. 
This can be especially useful where the ligand and/or binding 
partner change conformation on binding, allowing the model to 
take account of this the design of the mimetic. 

35 A template molecule is then selected onto which chemical 

groups which mimic the pharmacophore can be grafted. The 
template molecule and the chemical groups grafted on to it can 
conveniently be selected so that the mimetic is easy to 
synthesise, is likely to be pharmacologically acceptable, and 
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does not degrade in vivo, while retaining the biological 
activity of the lead compound. The mimetic or mimetics found 
by this approach can then be screened to see whether they have 
the target property, or to what extent they exhibit it. 

5 Further optimisation or modification can then be carried out 
to arrive at one or more final mimetics for in vivo or 
clinical testing. 

Mimetics of substances identified as having ability to 
modulate LRP5 polypeptide or promoter activity using a 

10 screening method as disclosed herein are included within the 
scope of the present invention. A polypeptide, peptide or 
substance able to modulate activity of a polypeptide according 
to the present invention may be provided in a kit, e.g. sealed 
in a suitable container which protects its contents from the 

15 external environment. Such a kit may include instructions for 
use. 

A convenient way of producing a polypeptide according to 
the present invention is to express nucleic acid encoding it, 

20 by use of the nucleic acid in an expression system. 

Accordingly, the present invention also encompasses a method 
of making a polypeptide (as disclosed) , the method including 
expression from nucleic acid encoding the polypeptide 
(generally nucleic acid according to the invention) . This 

25 may conveniently be achieved by growing a host cell in 
culture, containing such a vector, under appropriate 
conditions which cause or allow expression of the polypeptide. 
Polypeptides may also be expressed in in vitro systems, such 
as reticulocyte lysate. 

30 Systems for cloning and expression of a polypeptide in a 

variety of different host cells are well known. Suitable host 
cells include bacteria, eukaryotic cells such as mammalian and 
yeast, and baculovirus systems. Mammalian cell lines 
available in the art for expression of a heterologous 

35 polypeptide include Chinese hamster ovary cells, HeLa cells, 
baby hamster kidney cells, COS cells and many others. A 
common, preferred bacterial host is E. coli. Suitable vectors 
can be chosen or constructed, containing appropriate 
regulatory sequences, including promoter sequences, terminator 
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fragments, polyadenylation sequences, enhancer sequences, 
marker genes and other sequences as appropriate. Vectors may 
be plasmids, viral e.g. 'phage, or phagemid, as appropriate. 
For further details see, for example, Molecular Cloning: a 
5 Laboratory Manual: 2nd edition, Sambrook et al . , 1989, Cold 
Spring Harbor Laboratory Press. Many known techniques and 
protocols for manipulation of nucleic acid, for example in 
preparation of nucleic acid constructs, mutagenesis, 
sequencing, introduction of DNA into cells and gene 

10 expression, and analysis of proteins, are described in detail 
in Current Protocols in Molecular Biology, Ausubel et al. 
eds., John Wiley & Sons, 1992. 

Thus, a further aspect of the present invention provides 
a host cell containing nucleic acid as disclosed herein. The 

15 nucleic acid of the invention may be integrated into the 

genome (e.g. chromosome) of the host cell. Integration may be 
promoted by inclusion of sequences which promote recombination 
with the genome, in accordance with standard techniques. The 
nucleic acid may be on an extra-chromosomal vector within the 

20 cell. 

A still further aspect provides a method which includes 
introducing the nucleic acid into a host. cell. The 
introduction, which may (particularly for in vitro 
introduction) be generally referred to without limitation as 

25 "transformation 11 , may employ any available technique. For 
eukaryotic cells, suitable techniques may include calcium 
phosphate transf ection, DEAE-Dextran, electroporation, 
liposome-mediated transfection and transduction using 
retrovirus or other virus, e.g. vaccinia or, for insect cells, 

30 baculovirus . For bacterial cells, suitable techniques may 
include calcium chloride transformation, electroporation and 
transfection using bacteriophage. 

Marker genes such as antibiotic resistance or sensitivity 
genes may be used in identifying clones containing nucleic 

35 acid of interest, as is well known in the art. 

The introduction may be followed by causing or allowing 
expression from the nucleic acid, e.g. by culturing host cells 
(which may include cells actually transformed although more 
likely the cells will be descendants of the transformed 
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cells) under conditions for expression of the gene, so that 
the encoded polypeptide is produced. If the polypeptide is - 
expressed coupled to an appropriate signal leader peptide it 
may be secreted from the cell into the culture medium. 
5 Following production by expression, a polypeptide may be 
isolated and/or purified from the host cell and/or culture 
medium, as the case may be, and subsequently used as desired, 
e.g. in the formulation of a composition which may include one 
or more additional components, such as a pharmaceutical 

10 composition which includes one or more pharmaceutical^ 

acceptable excipients, vehicles or carriers (e.g. see below) . 

Introduction of nucleic acid may take place in vivo by 
way of gene therapy, as discussed below. A host cell 
containing nucleic acid according to the present invention, 

15 e.g. as a result of introduction of the nucleic acid into the 
cell or into an ancestor of the cell and/or genetic alteration 
of the sequence endogenous to the cell or ancestor (which 
introduction or alteration may take place in vivo or ex vivo) , 
may be comprised (e.g. in the soma) within an organism which 

20 is an animal, particularly a mammal, which may be human or 
non-human, such as rabbit, guinea pig, rat, mouse or other 
rodent, cat, dog, pig, sheep, goat, cattle or horse, or which 
is a bird, such as a chicken. Genetically modified or 
transgenic animals or birds comprising such a cell are also 

25 provided as further aspects of the present invention. 

Thus, in various further aspects, the present invention 
provides a non-human animal with a human LRP5 transgene 
within its genome. The transgene may have the sequence of any 
of the isoforms identified herein or a mutant, derivative, 

30 allele or variant thereof as disclosed. In one preferred 

embodiment, the heterologous human LRP5 sequence replaces the 
endogenous animal sequence. In other preferred embodiments, 
one or more copies of the human LRP5 sequence are added to 
the animal genome . 

35 Preferably the animal is a rodent, and most preferably 

mouse or rat. 

This may have a therapeutic aim. (Gene therapy is 
discussed below.) The presence of a mutant, allele or variant 
sequence within cells of an organism, particularly when in 
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place of a homologous endogenous sequence, may allow the 
organism to be used as a model in testing and/or studying the 
role of the LRP5 gene or substances which modulate activity 
of the encoded polypeptide and/or promoter in vitro or are 

5 otherwise indicated to be of therapeutic potential. 

An animal model for LRP5 deficiency may be constructed 
using standard techniques for introducing mutations into an 
animal germ-line. In one example of this approach, using a 
mouse, a vector carrying an insert ional mutation within the 

10 LRP5 gene may be transfected into embryonic stem cells. A 
selectable marker, for example an antibiotic resistance gene 
such as neoR, may be included to facilitate selection of 
clones in which the mutant gene has replaced the endogenous 
wild type homologue. Such clones may be also be identified or 

15 further investigated by Southern blot hybridisation. The 
clones may then be expanded and cells injected into mouse 
blastocyst stage embryos. Mice in which the injected cells 
have contributed to the development of the mouse may be 
identified by Southern blotting. These chimeric mice may then 

20 be bred to produce mice which carry one copy of the mutation 
in the germ line. These heterozygous mutant animals may then 
be bred to produce mice carrying mutations in the gene 
homozygously . The mice having a heterozygous mutation in the 
LRP5 gene may be a suitable model for human individuals having 

25 one copy of the gene mutated in the germ line who are at risk 
of developing IDDM or other disease. 

Animal models may also be useful for any of the various 
diseases discussed elsewhere herein. 

30 Instead of or as well as being used for the production of 

a polypeptide encoded by a transgene, host cells may be used 
as a nucleic acid factory to replicate the nucleic acid of 
interest in order to generate large amounts of it. Multiple 
copies of nucleic acid of interest may be made within a cell 

35 when coupled to an amplif iable gene such as dihyrof olate 
reductase (DHFR) , as is well known. Host cells transformed . 
with nucleic acid of interest, or which are descended from 
host cells into which nucleic acid was introduced, may be 
cultured under suitable conditions, e.g. in a fermentor, taken 
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from the culture and subjected to processing to purifiy the 
nucleic acid. Following purification, the nucleic acid or one 
or more fragments thereof may be used as desired, for instance 
in a diagnostic or prognostic assay as discussed elsewhere 
5 herein. 

The provision of the novel LRP-5 polypeptide isoforms and 
mutants, alleles, variants and derivatives enables for the 
first time the production of antibodies able to bind these 

10 molecules specifically. 

Accordingly, a further aspect of the present invention 
provides an antibody able to bind specifically to the 
polypeptide whose sequence is given in a figure herein. Such 
an antibody may be specific in the sense of being able to 

15 distinguish between the polypeptide it is able to bind and 
other human polypeptides for which it has no or substantially 
no binding affinity (e.g. a binding affinity of about lOOOx 
less) . Specific antibodies bind an epitope on the molecule 
which is either not present or is not accessible on other 

20 molecules. Antibodies according to the present invention may 
be specific for the wild-type polypeptide. Antibodies 
according to the invention may be specific for a particular 
mutant, variant, allele or derivative polypeptide as between 
that molecule and the wild- type polypeptide, so as to be 

25 useful in diagnostic and prognostic methods as discussed 
below. Antibodies are also useful in purifying the 
polypeptide or polypeptides to which they bind, e.g. following 
production by recombinant expression from encoding nucleic 
acid. 

30 Preferred antibodies according to the invention are 

isolated, in the sense of being free from contaminants such as 
antibodies able to bind other polypeptides and/or free of 
serum components. Monoclonal antibodies are preferred for 
some purposes, though polyclonal antibodies are within the 

35 scope of the present invention. 

Antibodies may be obtained using techniques which are 
standard in the art. Methods of producing antibodies include 
immunising a mammal (e.g. mouse, rat, rabbit, horse, goat, 
sheep or monkey) with the protein or a fragment thereof. 
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Antibodies may be obtained from immunised animals using any of 
a variety of techniques known in the art, and screened, 
preferably using binding of antibody to antigen of interest. 
For instance, Western blotting techniques or 

5 immunoprecipitation may be used (Armitage et al . , 1992, 
Nature 357: 80-82). Isolation of antibodies and/or antibody- 
producing cells from an animal may be accompanied by a step of 
sacrificing the animal. 

As an alternative or supplement to immunising a mammal 

10 with a peptide, an antibody specific for a protein may be 
obtained from a recombinantly produced library of expressed 
immunoglobulin variable domains, e.g. using lambda 
bacteriophage or filamentous bacteriophage which display 
functional immunoglobulin binding domains on their surfaces; 

15 for instance see WO92/01047. The library may be naive, that 
is constructed from sequences obtained from an organism which 
has not been immunised with any of the proteins (or 
fragments) , or may be one constructed using sequences obtained 
from an organism which has been exposed to the antigen of 

20 interest . 

Suitable peptides for use in immunising an animal and/or 
isolating anti-LRP5 antibody include any of the following 
amino acid sequences: 

SYFHLFPPPPSPCTDSS 
25 VDGRQNI KRAKDDGT 

E VLFTTGL I RP VALWDN 

IQGHLDFVMD I LVFHS . 

Antibodies according to the present invention may be 
30 modified in a number of ways. Indeed the term "antibody" 

should be construed as covering any binding substance having a 
binding domain with the required specificity. Thus the 
invention covers antibody fragments, derivatives, functional 
equivalents and homologues of antibodies, including synthetic 
35 molecules and molecules whose shape mimicks that of an 
antibody enabling it to bind an antigen or epitope. 

Example antibody fragments, capable of binding an antigen 
or other binding partner are the Fab fragment consisting of 
the VL, VH, CI and CHI domains; the Fd fragment consisting of 
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the VH and CHI domains; the Fv fragment consisting of the VL 
and VH domains of a single arm of an antibody; the dAb 
fragment which consists of a VH domain; isolated CDR regions 
and F(ab')2 fragments, a bivalent fragment including two Fab 
5 fragments linked by a disulphide bridge at the hinge region. 
Single chain Fv fragments are also included. 

A hybridoma producing a monoclonal antibody according to 
the present invention may be subject to genetic mutation or 
other changes. It will further be understood by those skilled 

10 in the art that a monoclonal antibody can be subjected to the 
techniques of recombinant DNA technology to produce other 
antibodies or chimeric molecules which retain the specificity 
of the original antibody. Such techniques may involve 
introducing DNA encoding the immunoglobulin variable region, 

15 or the complementarity determining regions (CDRs) , of an 
antibody to the constant regions, or constant regions plus 
framework regions, of a different immunoglobulin. See, for 
instance, EP184187A, GB 2188638A or EP-A-0239400 . Cloning and 
expression of chimeric antibodies are described in EP-A- 

20 0120694 and EP-A-0125023 . 

Hybridomas capable of producing antibody with desired 
binding characteristics are within the scope of the present 
invention, as are host cells, eukaryotic or prokaryotic, 
containing nucleic acid encoding antibodies (including 

25 antibody fragments) and capable of their expression. The 
invention also provides methods of production of the 
antibodies including growing a cell capable of producing the 
antibody under conditions in which the antibody is produced, 
and preferably secreted. 

30 The reactivities of antibodies on a sample may be 

determined by any appropriate means. Tagging with individual 
reporter molecules is one possibility. The reporter molecules 
may directly or indirectly generate detectable, and preferably 
measurable, signals. The linkage of reporter molecules may be 

35 directly or indirectly, covalently, e.g. via a peptide bond or 
non-covalently. Linkage via a peptide bond may be as a result 
of recombinant expression of a gene fusion encoding antibody 
and reporter molecule. 

One favoured mode is by covalent linkage of each antibody 
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with an individual f luorochrome, phosphor or laser dye with 
spectrally isolated absorption or emission characteristics. 
Suitable f luorochromes include fluorescein, rhodamine, 
phycoerythrin and Texas Red- Suitable chromogenic dyes 
5 include diaminobenzidine . 

Other reporters include macromolecular colloidal 
particles or particulate material such as latex beads that are 
coloured, magnetic or paramagnetic, and biologically or 
chemically active agents that can directly or indirectly cause 

10 detectable signals to be visually observed, electronically 
detected or otherwise recorded. These molecules may be 
enzymes which catalyse reactions that develop or change 
colours or cause changes in electrical properties, for 
example. They may be molecularly excitable, such that 

15 electronic transitions between energy states result in 

characteristic spectral absorptions or emissions. They may 
include chemical entities used in conjunction with 
biosensors. Biotin/avidin or biotin/streptavidin and alkaline 
phosphatase detection systems may be employed. 

20 The mode of determining binding is not a feature of the 

present invention and those skilled in the art are able to 
choose a suitable mode according to their preference and 
general knowledge. Particular embodiments of antibodies 
according to the present invention include antibodies able to 

25 bind and/or which bind specifically, e.g. with an affinity of 
at least 10~ 7 M, to one of the following peptides: 
SYFHLFPPPPSPCTDSS 
VDGRQNI KRAKDDGT 
E VLFTTGL I RPVAL WDN 

30 I QGHLDFVMD I LVFHS . 

Antibodies according to the present invention may be used 
in screening for the presence of a polypeptide, for example in 
a test sample containing cells or cell lysate as discussed, 
and may be used in purifying and/or isolating a polypeptide 

35 according to the present invention, for instance following 
production of the polypeptide by expression from encoding 
nucleic acid therefor. Antibodies may modulate the activity 
of the polypeptide to which they bind and so, if that 
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polypeptide has a deleterious effect in an individual, may be 
useful in a therapeutic context (which may include 
prophylaxis) . 

An antibody may be provided in a kit, which may include 

5 instructions for use of the antibody, e.g. in determining the 
presence of a particular substance in a test sample. One or 
more other reagents may be included, such as labelling 
molecules, buffer solutions, elutants and so on. Reagents may 
be provided within containers which protect them from the 

10 external environment, such as a sealed vial. 

The identification of the LRP5 gene and indications of 
its association with IDDM and other diseases paves the way for 
aspects of the present invention to provide the use of 
materials and methods, such as are disclosed and discussed 

15 above, for establishing the presence or absence in a test 

sample of an variant form of the gene, in particular an allele 
or variant specifically associated with IDDM or other disease. 
This may be for diagnosing a predisposition of an individual 
to IDDM or other disease. It may be for diagnosing IDDM of a 

20 patient with the disease as being associated with the IDDM4 
gene . 

This allows for planning of appropriate therapeutic 
and/or prophylactic treatment, permitting stream- lining of 
treatment by targeting those most likely to benefit. 
25 A variant form of the gene may contain one or more 

insertions, deletions, substitutions and/or additions of one 
or more nucleotides compared with the wild-type sequence (such 
as shown in Table 5 or Table 6) which may or may not disrupt 
the gene function. Differences at the nucleic acid level are 
30 not necessarily reflected by a difference in the amino acid 
sequence of the encoded polypeptide. However, a mutation or 
other difference in a gene may result in a frame-shift or stop 
codon, which could seriously affect the nature of the 
polypeptide produced (if any) , or a point mutation or gross 
35 mutational change to the encoded polypeptide, including 
insertion, deletion, substitution and/or addition of one or 
more amino acids or regions in the polypeptide. A mutation in 
a promoter sequence or other regulatory region may prevent or 
reduce expression from the gene or affect the processing or 
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stability of the mRNA transcript. For instance, a sequence 
alteration may affect alternative splicing of mRNA. As 
discussed, various LRP5 isoforms resulting from alternative 
splicing are provided by the present invention. 
5 There are various methods for determining the presence or 

absence in a test sample of a particular nucleic acid 
sequence, such as the sequence shown in any figure herein, or 
a mutant, variant or allele thereof, e.g. including an 
alteration shown in Table 5 or Table 6. 
10 Tests may be carried out on preparations containing 

genomic DNA, cDNA and/or mRNA. Testing cDNA or mRNA has the 
advantage of the complexity of the nucleic acid being reduced 
by the absence of intron sequences, but the possible 
disadvantage of extra time and effort being required in making 
15 the preparations. RNA is more difficult to manipulate than 
DNA because of the wide-spread occurrence of RN'ases. Nucleic 
acid in a test sample may be sequenced and the sequence 
compared with the sequence shown in any of the figures herein, 
to determine whether or not a difference is present. If so, 
20 the difference can be compared with known susceptibility 
alleles (e.g. as shown in Table 5 or Table 6) to determine 
whether the test nucleic acid contains one or more of the 
variations indicated, or the difference can be investigated 
for association with IDDM or other disease. 
25 Since it will not generally be time- or labour-efficient 

to sequence all nucleic acid in a test sample or even the 
whole LRP5 gene, a specific amplification reaction such as PCR 
using one or more pairs of primers may be employed to amplify 
the region of interest in the nucleic acid, for instance the 
30 LRP5 gene or a particular region in which polymorphisms 

associated with IDDM or other disease susceptibility occur. 
The amplified nucleic acid may then be sequenced as above, 
and/or tested in any other way to determine the presence or 
absence of a particular feature. Nucleic acid for testing may 
35 be prepared from nucleic acid removed from cells or in a 
library using a variety of other techniques such as 
restriction enzyme digest and electrophoresis. 

Nucleic acid may be screened using a variant- or allele- 
specific probe. Such a probe corresponds in sequence to a 
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region of the LRP5 gene, or its complement, containing a 
sequence alteration known to be associated with IDDM or other 
disease susceptibility. Under suitably stringent conditions, 
specific hybridisation of such a probe to test nucleic acid is 
5 indicative of the presence of the sequence alteration in the 
test nucleic acid. For efficient screening purposes, more 
than one probe may be used on the same test sample. 

Allele- or variant-specific oligonucleotides may 
similarly be used in PCR to specifically amplify particular 

10 sequences if present in a test sample. ' Assessment of whether 
a PCR band contains a gene variant may be carried out in a 
number of ways familiar to those skilled in the art. The PCR 
product may for instance be treated in a way that enables one 
to display the polymorphism on a denaturing polyacrylamide DNA 

15 sequencing gel, with specific bands that are linked to the 
gene variants being selected. 

SSCP heteroduplex analysis may be used for screening DNA 
fragments for sequence variants/mutations. It generally 
involves amplifying radiolabelled 100-300 bp fragments of the 

20 gene, diluting these products and denaturing at 95°C. The 
fragments are quick-cooled on ice so that the DNA remains in 
single stranded form. These single stranded fragments are run 
through acrylamide based gels. Differences in the sequence 
composition will cause the single stranded molecules to adopt 

25 difference conformations in this gel matrix making their 
mobility different from wild type fragments, thus allowing 
detecting of mutations in the fragments being analysed 
relative to a control fragment upon exposure of the gel to X- 
ray film. Fragments with altered mobility/conformations may be 

30 directly excised from the gel and directly sequenced for 
mutation. 

Sequencing of a PCR product may involve precipitation 
with isopropanol, resuspension and sequencing using a TaqFS+ 
Dye terminator sequencing kit . Extension products may be 
35 electrophoresed on an ABI 377 DNA sequencer and data analysed 
using Sequence Navigator software. 

A further possible screening approach employs a PTT assay 
in which fragments are amplified with primers that contain 
the consensus Kozak initiation sequences and a T7 RNA 
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polymerase promoter. These extra sequences are incorporated 
into the 5' primer such that they are in frame with the native 
coding sequence of the fragment being analysed. These PCR 
products are introduced into a coupled 

5 transcription/translation system. This reaction allows the 
production of RNA from the fragment and translation of this 
RNA into a protein fragment. PCR products from controls make 
a protein product of a wild type size relative to the size of 
the fragment being analysed. If the PCR product analysed has 

10a frame-shift or nonsense mutation, the assay will yield a 
truncated protein product relative to controls . The size of 
the truncated product is related to the position of the 
mutation, and the relative region of the gene from this 
patient may be sequenced to identify the truncating mutation. 

15 An alternative or supplement to looking for the presence 

of variant sequences in a test sample is to look for the 
presence of the normal sequence, e.g. using a suitably 
specific oligonucleotide probe or primer. Use of 
oligonucleotide probes and primers has been discussed in more 

20 detail above. 

Allele- or variant-specific oligonucleotide probes or 
primers according to embodiments of the present invention may 
be selected from those shown in Table 4, Table 7 or Table 8. 
Approaches which rely on hybridisation between a probe 

25 and test nucleic acid and subsequent detection of a mismatch 
may be employed. Under appropriate conditions (temperature, 
pH etc.), an oligonucleotide probe will hybridise with a 
sequence which is not entirely complementary. The degree of 
base-pairing between the two molecules will be sufficient for 

30 them to anneal despite a mis-match. Various approaches are 
well known in the art for detecting the presence of a mis- 
match between two annealing nucleic acid molecules. 

For instance, RN'ase A cleaves at the site of a mis- 
match. Cleavage can be detected by electrophoresing test 

35 nucleic acid to which the relevant probe or probe has annealed 
and looking for smaller molecules (i.e. molecules with higher 
electrophoretic mobility) than the full length probe/test 
hybrid. 

Thus, an oligonucleotide probe that has the sequence of a 



WO 98/46743 




PCT/GB98/01102 



55 



region of the normal LRP5 gene (either sense or ant i- sense 
strand) in which mutations associated with IDDM or other 
disease susceptibility are known to occur (e.g. see Table 5 
and Table 6) may be annealed to test nucleic acid and the 

5 presence or absence of a mis-match determined. Detection of 
the presence of a mis-match may indicate the presence in the 
test nucleic acid of a mutation associated with IDDM or other 
disease susceptibility. On the other hand, an oligonucleotide 
probe that has the sequence of a region of the gene including 

10 a mutation associated with IDDM or other disease 

susceptibility may be annealed to test nucleic acid and the 
presence or absence of a mis -match determined. The presence 
of a mis-match may indicate that the nucleic acid in the test 
sample has the normal sequence (the absence of a mis -match 

15 indicating that the test nucleic acid has the mutation) . In 
either case, a battery of probes to different regions of the 
gene may be employed. 

The presence of differences in sequence of nucleic acid 
molecules may be detected by means of restriction enzyme 

20 digestion, such as in a method of DNA fingerprinting where the 
restriction pattern produced when one or more restriction 
enzymes are used to cut a sample of nucleic acid is compared 
with the pattern obtained when a sample containing the normal 
gene shown in a figure herein or a variant or allele, e.g. as 

25 containing an alteration shown in Table 5 or Table 6 is 
digested with the same enzyme or enzymes. 

The presence or absence of a lesion in a promoter or 
other regulatory sequence may also be assessed by determining 
the level of mRNA production by transcription or the level of 

30 polypeptide production by translation from the mRNA. 

Determination of promoter activity has been discussed above. 

A test sample of nucleic acid may be provided for example 
by extracting nucleic acid from cells or biological tissues or 
35 fluids, urine, saliva, faeces, a buccal swab, biopsy or 
preferably blood, or for pre-natal testing from the amnion, 
placenta or foetus itself. 



There are various methods for determining the presence or 
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absence in a test sample of a particular polypeptide, such as 
the polypeptide with the amino acid sequence shown in any 
figure herein or an amino acid sequence mutant, variant or 
allele thereof. 

5 A sample may be tested for the presence of a binding 

partner for a specific binding member such as an antibody (or 
mixture of antibodies) , specific for one or more particular 
variants of the polypeptide shown in a figure herein. A 
sample may be tested for the presence of a binding partner for 

10 a specific binding member such as an antibody (or mixture of 
antibodies) , specific for the polypeptide shown in a figure 
herein. In such cases, the sample may be tested by being 
contacted with a specific binding member such as an antibody 
under appropriate conditions for specific binding, before 

15 binding is determined, for instance using a reporter system as 
discussed. Where a panel of antibodies is used, different 
reporting labels may be employed for each antibody so that 
binding of each can be determined. 

A specific binding member such as an antibody may be used 

20 to isolate and/or purify its binding partner polypeptide from 
a test sample, to allow for sequence and/or biochemical 
analysis of the polypeptide to determine whether it has the 
sequence and/or properties of the polypeptide whose sequence 
is disclosed herein, or if it is a mutant or variant form. 

25 Amino acid sequence is routine in the art using automated 
sequencing machines. 

A test sample containing one or more polypeptides may be 
provided for example as a crude or partially purified cell or 
30 cell lysate preparation, e.g. using tissues or cells, such as 
from saliva, faeces, or preferably blood, or for pre-natal 
testing from the amnion, placenta or foetus itself. 

Whether it is a polypeptide, antibody, peptide, nucleic 
35 acid molecule, small molecule or other pharmaceutical^ useful 
compound according to the present invention that is to be 
given to an individual, administration is preferably in a 
"prophylactically effective amount" or a "therapeutically 
effective amount" (as the case may be, although prophylaxis 



WO 98/46743 £ £ PCT/GB98/01102 

57 

may be considered therapy) , this being sufficient to show 
benefit to the individual. The actual amount administered, 
and rate and time -course of administration, will depend on the 
nature and severity of what is being treated. Prescription of 
5 treatment, e.g. decisions on dosage etc, is within the 
responsibility of general practioners and other medical 
doctors . 

A composition may be administered alone or in combination 
with other treatments, either simultaneously or sequentially 
10 dependent upon the condition to be treated. 

Pharmaceutical compositions according to the present 
invention, and for use in accordance with the present 
invention, may include, in addition to active ingredient, a 
pharmaceutical^ acceptable excipient, carrier, buffer, 
15 stabiliser or other materials well known to those skilled in 
the art. Such materials should be non-toxic and should not 
interfere with the efficacy of the active ingredient. The 
precise nature of the carrier or other material will depend on 
the route of administration, which may be oral, or by 
20 injection, e.g. cutaneous, subcutaneous or intravenous. 

Pharmaceutical compositions for oral administration may 
be in tablet, capsule, powder or liquid form. A tablet may 
include a solid carrier such as gelatin or an adjuvant. 
Liquid pharmaceutical compositions generally include a liquid 
25 carrier such as water, petroleum, animal or vegetable oils, 
mineral oil or synthetic oil. Physiological saline solution, 
dextrose or other saccharide solution or glycols such as 
ethylene glycol, propylene glycol or polyethylene glycol may 
be included. 

30 For intravenous, cutaneous or subcutaneous injection, or 

injection at the site of affliction, the active ingredient 
will be in the form of a parenterally acceptable aqueous 
solution which is pyrogen- free and has suitable pH, 
isotonicity and stability. Those of relevant skill in the art 

35 are well able to prepare suitable solutions using, for 

example, isotonic vehicles such as Sodium Chloride Injection, 
Ringer's Injection, or Lactated Ringer's Injection. 
Preservatives, stabilisers, buffers, antioxidants and/or other 
additives may be included, as required. 
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Targeting therapies may be used to deliver the active 
agent more specifically to certain types of cell, by the use 
of targeting systems such as antibody or cell specific 
ligands. Targeting may be desirable for a variety of reasons; 

5 for example if the agent is unacceptably toxic, or if it would 
otherwise require too high a dosage, or if it would not 
otherwise be able to enter the target cells. 

Instead of administering an agent directly, it may be be 
produced in target cells by expression from an encoding gene 

10 introduced into the cells, e.g. in a viral vector (see below). 
The vector may be targeted to the specific cells to be 
treated, or it may contain regulatory elements which are 
switched on more or less selectively by the target cells. 
Viral vectors may be targeted using specific binding 

15 molecules, such as a sugar, glycolipid or protein such as an 
antibody or binding fragment thereof. Nucleic acid may be 
targeted by means of linkage to a protein ligand (such as an 
antibody or binding fragment thereof) via polylysine, with the 
ligand being specific for a receptor present on the surface of 

20 the target cells. 

An agent may be administered in a precursor form, for 
conversion to an active form by an activating agent produced 
in, or targeted to, the cells to be treated. This type of 
approach is sometimes known as ADEPT or VDEPT; the former 

25 involving targeting the activating agent to the cells by 
conjugation to a cell-specific antibody, while the latter 
involves producing the activating agent, e.g. an enzyme, in a 
vector by expression from encoding DNA in a viral vector (see 
for example, EP-A-415731 and WO 90/07936) . 

30 

Nucleic acid according to the present invention, e.g. 
encoding the authentic biologically active LRP-5 polypeptide 
or a functional fragment thereof, may be used in a method of 
gene therapy, to treat a patient who is unable to synthesize 
35 the active polypeptide or unable to synthesize it at the 
normal level, thereby providing the effect provided by the 
wild-type with the aim of treating and/or preventing one or 
more symptoms of IDDM and/or one or more other diseases. 

Vectors such as viral vectors have been used to introduce 
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genes into a wide variety of different target cells. 
Typically the vectors are exposed to the target cells so that 
transfection can take place in a sufficient proportion of the 
cells to provide a useful therapeutic or prophylactic effect 
5 from the expression of the desired polypeptide. The 
transfected nucleic acid may be permanently incorporated into 
the genome of each of the targeted cells, providing long 
lasting effect, or alternatively the treatment may have to be 
repeated periodically. 
10 A variety of vectors, both viral vectors and plasmid 

vectors, are known in the art, see e.g. US Patent No. 
5,252,479 and WO 93/07282. In particular, a number of viruses 
have been used as gene transfer vectors, including adenovirus, 
papovaviruses, such as SV40, vaccinia virus, herpesviruses, 
15 including HSV and EBV, and retroviruses, including gibbon ape 
leukaemia virus, Rous Sarcoma Virus, Venezualian equine 
enchephalitis virus, Moloney murine leukaemia virus and murine 
mammary tumourvirus . Many gene therapy protocols in the prior 
art have used disabled murine retroviruses. 
20 Disabled virus vectors are produced in helper cell lines 

in which genes required for production of infectious viral 
particles are expressed. Helper cell lines are generally 
missing a sequence which is recognised by the mechanism which 
packages the viral genome and produce virions which contain no 
25 nucleic acid. A viral vector which contains an intact 

packaging signal along with the gene or other sequence to be 
delivered (e.g. encoding the LRP5 polypeptide or a fragment 
thereof) is packaged in the helper cells into infectious 
virion particles, which may then be used for the gene 
30 delivery. 

Other known methods of introducing nucleic acid into cells 
include electroporation, calcium phosphate co-precipitation, 
mechanical techniques such as microinjection, transfer 
mediated by liposomes and direct DNA uptake and receptor- 
35 mediated DNA transfer. Liposomes can encapsulate RNA, DNA and 
virions for delivery to cells. Depending on factors such as 
pH, ionic strength and divalent cations being present, the 
composition of liposomes may be tailored for targeting of 
particular cells or tissues. Liposomes include phospholipids 
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and may include lipids and steroids and the composition of 
each such component may be altered. Targeting of liposomes 
may also be achieved using a specific binding pair member such 
as an antibody or binding fragment thereof, a sugar or a 
5 glycol ipid. 

The aim of gene therapy using nucleic acid encoding the 
polypeptide, or an active portion thereof, is to increase the 
amount of the expression product of the nucleic acid in cells 
in which the level of the wild- type polypeptide is absent or 
10 present only at reduced levels. Such treatment may be 

therapeutic or prophylactic, particularly in the treatment of 
individuals known through screening or testing to have an 
IDDM4 susceptibility allele and hence a predisposition to the 
disease . 

15 Similar techiques may be used for anti-sense regulation 

of gene expression, e.g. targeting an antisense nucleic acid 
molecule to cells in which a mutant form of the gene is 
expressed, the aim being to reduce production of the mutant 
gene product. Other approaches to specific down- regulation of 

20 genes are well known, including the use of ribozymes designed 
to cleave specific nucleic acid sequences. Ribozymes are 
nuceic acid molecules, actually RNA, which specifically cleave 
single -stranded RNA, such as mRNA, at defined sequences, and 
their specificity can be engineered. Hammerhead ribozymes may 

25 be preferred because they recognise base sequences of about 
" 11-18 bases in length, and so have greater specificity than 
ribozymes of the Tetrahymena type which recognise sequences of 
about 4 bases in length, though the latter type of ribozymes 
are useful in certain circumstances. References on the use of 

30 ribozymes include Marschall, et al . Cellular and Molecular 
Neurobiology, 1994. 14(5): 523; Hasselhoff, Nature 334: 585 
(1988) and Cech, J. Amer. Med. Assn., 260: 3030 (1988). 

Aspects of the present invention will now be illustrated 
35 with reference to the accompanying figures described already 
above and experimental exemplification, by way of example and 
not limitation. Further aspects and embodiments will be 
apparent to those of ordinary skill in the art. All documents 
mentioned in this specification are hereby incorporated herein 
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by reference. 

EXAMPLE 1 
CLONING OF LRP5 

5 As noted above, confirmation of linkage to two of the 18 

potential loci for IDDM predisposition was achieved by 
analysis of two family sets (102 UK families and 84 USA 
families), IDDM4 on chromosome llql3 (MLS 1.3 , P - 0.01 at 
FGF3) and IDDM5 on chromosome 6q (MLS 1.8 P= 0.003 at ESR) . 

10 At IDDM4 the most significant linkage Was obtained in the 
subset of families sharing 1 or 0 alleles IBD at HLA (MLS = 
2.8; P=0.0002; Is = 1.2) (Davies et al, 1994). This linkage 
was also observed by Hashimoto et al (1994) using 251 affected 
sibpairs, obtaining P= 0.0008 in all sibpairs. Combining 

15 these results, with 596 families, provides substantial support 
for IDDM4 (P = 1.5 X 10" 6 ) (Todd and Farrall, 1996; Luo et al, 
1996) . 

Multipoint analysis with other markers in the FGF3 
region produced an MLS of 2.3 at FGF3 and D11S1883 (Is = 

20 1.19), and delineated the interval to a 27cM region, flanked 
by the markers D11S903 and D11S527 (Figure 1) . 

Multipoint linkage analysis cannot localise the gene to a 
small region unless several thousand multiplex families are 
available. Instead, association mapping has been used for 

25 rare single gene diseases which can narrow the interval 
containing the disease gene to less than 2cM or 2M bases. 
Nevertheless, this method is highly unpredictable and has not 
previously been used to locate a polygene for a common 
disease. Association mapping has been used to locate the 

30 IDDM2/INS polygene but this relied on the selection of a 

functional candidate polymorphism/gene and was restricted to a 
very small (<30kb) region. Linkage disequilibrium (LD) or 
association studies were carried out in order to delineate the 
IDDM4 region to less than 2cM. In theory, association of a 

35 particular allele very close to the founder mutation will be 
detected in populations descended from that founder. The 
transmission disequilibrium test (TDT, Spielman et al, 1993) 
measures association by assessing the deviation from 50% of 
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the transmission of alleles from a marker locus from parents 
to affected children. The detection of association is 
dependent on the ancestry of each population studied to be as 
homogeneous as possible, in order to reduce the possiblity 
5 that the presence of several founder-chromosomes, decreasing 
the power to detect the association. These parameters are 
highly unpredictable. 

Analysis of markers spanning the IDDM4 linkage interval, 
LD was detected at D11S1917 (UT5620) in 554 families, P=0.01. 
10 A physical map of this region, comprising approximately 500kb, 
was achieved by constructing a pac, bac and cosmid contig 
(Figure 2) . The region was physically mapped by hybridisation 
of markers onto restriction-enzyme digested clones resolved 
through agarose, and Southern blotted. 
15 Further microsatellites (both published, and those 

isolated from the clones by microsatellite rescue) were 
analysed within 1289 families, from four different populations 
(UK, USA, Sardinia and Norway) . A LD graph was constructed, 
with a peak at H0570POLYA, P = 0.001, flanked by the markers 
20 D11S987 and 18028AC (Figure 3) . The LD detected at a 
polymorphic marker is influenced by allele frequency, and 
whether the mutation causing susceptibility to type 1 diabetes 
arose on a chromosome where the allele in LD is the same 
allele as that on protective or neutral chromosomes. In the 
25 case where the marker being analysed has the same allele in LD 
with both susceptible and protective genotypes, these will 
remain undetected by single point analysis, in effect 
cancelling each other out, and showing little or no evidence 
for LD with the disease locus. Unpredictability of the method 
30 arising from this has been noted already above. 

In order to maximise the information obtained with each 
marker, a three point rolling LD curve was produced with the 
IDDM4 markers (Figure 4) . In this case the percentage 
transmission <%T) was calculated from a marker, and its two 
35 immediate flanking markers, and averaged between them to 
minimise the effects of fluctuating allele frequency. This 
also produced a peak at H0570POLYA, with P=0.04, and indicates 
that the IDDM4 mutation is more likely to be in the interval 
E0864CA - D11S1337 (75kb) . 
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By the identification of this 75kb interval which shows 
association with type 1 diabetes, disease associated 
haplotypes were identified. These are derived from the 
original founder chromosomes on which the diabetes mutation or 
5 mutations IDDM4 arose. In order to identify the mutation 
causing susceptibility to type 1 diabetes, a refined linkage 
disequilibrium curve, based on single nucleotide polymorphisms 
(SNPs) and haplotypes, is constructed. SNPs are identified by 
sequencing individuals with specific haplotypes which have 
10 been identified from the microsatellit.e analysis: homozygous 
susceptible to type 1 diabetes, homozygous protective for type 
1 diabetes, and controls. One of these SNPs may be the 
etiological mutation IDDM4, or may be in very strong linkage 
disequilibrium with the primary disease locus, and hence be at 
15a peak of the refined curve. Cross-match analysis further 
reduces the number of candidate SNPs, as shown by the 
localisation of the IDDM2 mutation by this method (Bennett et 
al, 1995; Bennett and Todd, 1996) . This requires 
identification of distinct haplotypes or founder chromosomes, 
20 which have a different arrangement of alleles from the main 
susceptible or protective haplotypes, so that association or 
transmission of candidate SNP alleles can be tested in 
different haplotype backgrounds. The candidate mutations can 
be assessed for effects on gene function or regulation. 
25 In different populations different IDDM4 mutations may 

have arisen in the same gene. We are sequencing several 
putative founder chromosome or disease associated haplotypes 
from several unrelated individuals from different populations 
to identify candidate mutations for IDDM4, and which cluster 

30 in the same gene . 

To carry out an extensive search for DNA mutations or 
polymorphisms, the entire region and flanking regions of the 
associated region was sequenced (the 75kb core region and 125 
kb of flanking DNA) . The DNA sequence also aids in gene 

35 identification and is complementary to other methods of gene 
identification such as cDNA selection or gene identification 
by DNA sequencing and comparative analysis of homologous mouse 
genomic DNA. 

Various strategies were used in the hope of identifying 
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potential coding sequences within this region: sequencing, 
computer prediction of putative exons and promoters, and ct>NA 
selection, to try to increase the likelihood of identifying 
all the genes within this interval. 

5 

Construction of Libraries for Shotgun Sequencing 

DNA was prepared from either cosmids, BACs (Bacterial 
Artificial Chromosomes) , or PACs (PI Artificial Chromosomes) . 
Cells containing the vector were streaked on Luria-Bertani 
10 (LB) agar plates supplemented with the. appropriate antibiotic. 
A single colony was used to inoculate 200 ml of LB media 
supplemented with the appropriate antibiotic and grown 
overnight at 37°C. The cells were pelleted by centrifugation 
and plasmid DNA was prepared by following the QIAGEN 
15 (Chatsworth, CA) Tip500 Maxi plasmid/cosmid purification 
protocol with the following modifications; the cells from 100 
ml of culture were used for each Tip500 column, the NaCl 
concentration of the elution buffer was increased from 1.25M 
to 1.7M, and the elution buffer was heated to 65°C. 
20 Purified BAC and PAC DNA was digested with Not I 

restriction endonuclease and then subjected to pulse field gel 
electrophoresis using a BioRad CHEF Mapper system. (Richmond, 
CA) . The digested DNA was electrophoresed overnight in a 1% 
low melting temperature agarose (BioRad, Richmond CA) gel that 
25 was prepared with 0.5X Tris Borate EDTA (10X stock solution, 
Fisher, Pittsburg, PA) . The CHEF Mapper autoalgorithm default 
settings were used for switching times and voltages. 
Following electrophoresis the gel was stained with ethidium 
bromide (Sigma, St. Louis, MO) and visualized with a 
30 ultraviolet trans illuminator. The insert band(s) was excised 
from the gel . The DNA was eluted from the gel slice by beta- 
Agarase (New -England Biolabs, Beverly MA) digestion according 
to the manufacturer's instructions. The solution containing 
the DNA and digested agarose was brought to 50 mM Tris pH 
35 8 . 0, 15 mM MgCl2, and 25% glycerol in a volume of 2 ml and 
placed in a AERO-MIST nebulizer (CIS-US, Bedford MA) . The 
nebulizer was attatched to a nitrogen gas source and the DNA 
was randomly sheared at 10 psi for 30 sec. The sheared DNA 
was ethanol precipitated and resuspended in TE (10 mM Tris, 1 
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mM EDTA) . The ends were made blunt by treatment with Mung 
Bean Nuclease (Promega, Madison, WI) at 30°C for 30 min, 
followed by phenol/chloroform extraction, and treatment with 
T4 DNA polymerase (GIBCO/BRL, Gaithersburg, MD) in multicore 

5 buffer (Promega, Madison, WI) in the presence of 40 uM dNTPs 
at 16 °C. To facilitate subcloning of the DNA fragments, BstX I 
adapters (Invitrogen, Carlsbad, CA) were ligated to the 
fragments at 14°C overnight with T4 DNA ligase (Promega, 
Madison WI) . Adapters and DNA fragments less than 500 bp were 

10 removed by column chromatography using a cDNA sizing column 
(GIBCO/BRL, Gaithersburg, MD) according to the instructions 
provided by the manufacturer. Fractions containing DNA 
greater than 1 kb were pooled and concentrated by ethanol 
precipitation. The DNA fragments containing BstX I adapters 

15 were ligated into the BstX I sites of pSHOT II which was 
constructed by subcloning the BstX I sites from pcDNA II 
(Invitrogen, Carlsbad, CA) into the BssH II sites of 
pBlueScript (Stratagene, La Jolla, CA) . pSHOT II was prepared 
by digestion with BstX I restriction endonuclease and purified 

20 by agarose gel electrophoresis. The gel purified vector DNA 
was extracted from the agarose by following the Prep-A-Gene 
(BioRad, Richmond, CA) protocol. To reduce ligation of the 
vector to itself, the digested vector was treated with calf 
intestinal phosphatase (GIBCO/BRL, Gaithersburg, MD) . 

25 Ligation reactions of the DNA fragments with the cloning 
vector were transformed into ultra- competent XL-2 Blue cells 
(Stratagene, La Jolla, CA) , and plated on LB agar plates 
supplemented with 100 ug/ml ampicillin. Individual colonies 
were picked into a 96 well plate containing 100 ul/well of LB 

30 broth supplemented with ampicillin and grown overnight at 
37°C. Approximately 25 ul of 80% sterile glycerol was added 
to each well and the cultures stored at -80°C. 



Preparation of plasmid DNA 

Glycerol stocks were used to inoculate 5 ml of LB broth 
supplemented with 100 ug/ml ampicillin either manually or by 
using. a Tecan Genesis RSP 150 robot (Tecan AG, Hombrechtikon, 
Switzerland) programmed to inoculate 96 tubes containing 5 ml 
broth from the 96 wells. The cultures were grown overnight at 
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37°C with shaking to provide aeration. Bacterial cells were 
pelleted by centrif ligation, the supernatant decanted, and the 
cell pellet stored at -20°C. Plasmid DNA was prepared with a 
QIAGEN Bio Robot 9600 {QIAGEN, Chatsworth CA) according to the 
SQiawell Ultra protocol. To test the frequency and size of 
inserts plasmid DNA was digested with the restriction 
endonuclease Pvu II. The size of the restriction endonuclease 
products was examined by agarose gel electrophoresis with the 
average insert size being 1 to 2 kb. 

10 

DNA Sequence Analysis of Shotgun clones 

DNA sequence analysis was performed using the ABI PRISM™ 
dye terminator cycle sequencing ready reaction kit with 
AmpliTaq DNA polymerase, FS (Perkin Elmer, Norwalk, CT) . DNA 

15 sequence analysis was performed with M13 forward and reverse 
primers. Following amplification in a Perkin-Elmer 9600 the 
extension products were purified and analyzed on an ABI PRISM 
377 automated sequencer (Perkin Elmer, Norwalk, CT) . 
Approximately 12 to 15 sequencing reactions were performed per 

20 kb of DNA to be examined e.g. 1500 reactions would be 
performed for a PAC insert of 100 kb. 

Assembly of DNA sequences 

Phred/Phrap was used for DNA sequences assembly. This 

25 program was developed by Dr. Phil Green and licensed from the 
University of Washington (Seattle, WA) . Phred/Phrap consists 
of the following programs: Phred for base-calling, Phrap for 
sequence assembly, Crossmatch for sequence comparisons, Consed 
and Phrapview for visualization of data, and Repeatmasker for 

30 screening repetitive sequences. Vector and E. coli DNA 

sequences were identified by Crossmatch and removed from the 
DNA sequence assembly process. DNA sequence assembly was on a 
SUN Enterprise 4000 server running Solaris 2.51 operating 
system (Sun Microsystems Inc., Mountain View, CA) using 

35 default Phrap parameters. The sequence assemblies were 
further analyzed using Consed and Phrapview. 

Biolnformatic Analysis of Assembled DNA Sequences 

When the assembled DNA sequences approached five to six 
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fold coverage of the region of interest the exon and promoter 
prediction abilities of the program GRAIL (ApoCom, Oak Ridge) 
were utilized to aid in gene identification. ApoCom GRAIL is 
a commercial version of the Department of Energy developed 

5 GRAIL Gene Characterization Software licensed to ApoCom Inc. 
by Lockheed Martin Energy Research Corporation and ApoCom 
Client Tool for Genomics (ACTG) TM. 

The DNA sequences at various stages of assembly were 
queried against the DNA sequences in the GenBank database 

10 (subject) using the BLAST algorithm (S.'F. Altschul, et al . 
(1990) J. Mol. Biol. 215, 403-410), with default parameters. 
When examining large contiguous sequences of DNA repetitive 
elements were masked following identification by crossmatch 
with a database of mammalian repetitive elements. Following 

15 BLAST analysis the results were compiled by a parser program 
written by Dr. Guochun Xie (Merck Research Lab). The parser 
provided the following information from the database for each 
DNA sequence having a similarity with a P value greater than 
10 ; the annotated name of the sequence, the database from 

20 which it was derived, the length and percent identity of the 
region of similarity, and the location of the similarity in 
both the query and the subject. 

The BLAST analysis identified a high degree of 
similarities (90-100% identical) over a length of greater than 

25 100 bp between DNA sequences we obtained and a number of human 
EST sequences present in the database. These human EST 
sequences clustered into groups that are represented by 
accession numbers; R73322, R50627, F07016. In general, each 
EST cluster is presumed to represent a single gene. The DNA 

30 sequences in R73322 cluster of 424 nucleotides had a lower but 
significant degree of DNA sequence similarity to the gene 
encoding the LDL receptor related protein (GenBank accession 
number X13916) and several other members of the LDL receptor 
family. Therefore it was concluded that the sequences that 

35 were highly similar to EST R73322 encoded a member of the LDL 
receptor family. 

Members of each EST cluster were assembled using the 
program Sequencher (Perkin Elmer, Norwalk CT) . To increase 
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the accuracy of the EST sequence data extracted from the 
database relevent chromatogram trace files from the genomic 
DNA sequences obtained from shotgun sequencing were included 
in the assembly. The corrected EST sequences were reanalyzed 
5 by BLAST and BLASTX. For EST cluster 3, represented by 
accession number R50627 analysis of the edited EST assembly 
revealed that this cluster was similar to members of the LDL 
receptor family. This result suggested the possibility that 
these two EST clusters were components of the same gene. 

10 Experimentally derived cDNA sequences were assembled 

using the program Sequencher (Perkin Elmer, Norwalk CT) . 
Genomic DNA sequences and cDNA sequences were compared by 
using the program Crossmatch which allowed for a rapid and 
sensitive detection of the location of exons. The 

15 identification of intron/exon boundaries was then accomplished 
by manually comparing the genomic and cDNA sequences by using 
the program GeneWorks (Intelligenetics Inc., Campbell CA) . 

Northern Blot Analysis 

20 Primers 256F and 622R (Table 2) were used to amplify a 

PCR product of 366 bp from a fetal brain cDNA library. This 
product was purified on an agarose gel, the DNA extracted, and 
subcloned into pCR2.1 (Invitrogen, Carlsbad, CA) . The 366 bp 
probe was labeled by random priming with the Amersham 

25 Rediprime kit (Arlington Heights, IL) in the presence of 50- 
100 uCi of 3000 Ci/mmole [alpha 32 P]dCTP (Dupont/NEN; Boston, 
MA) . Unincorporated nucleotides were removed with a 
ProbeQuant G-50 spin column (Pharmacia/ Biotech, Piscataway, 
NJ) . The radiolabeled probe at a concentration of greater 

30 than 1 x 10 6 cpm/ml in rapid hybridization buffer (Clontech, 
Palo Alto, CA) was incubated overnight at 65 °C with human 
multiple tissue Northern's I and II (Clontech, Palo Alto, CA) . 
The blots were washed by two 15 min incubations in 2X SSC, 
0.1% SDS (prepared from 20X SSC and 20 % SDS stock solutions, 

35 Fisher, Pittsburg, PA) at room temperature, followed by two 
15 min incubations in IX SSC, 0.1% SDS at room temperature, 
and two 30 min incubations in 0.1X SSC, 0.1% SDS at 60°C. 
Autoradiography of the blots was done to visualize the bands 
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that specifically hybridized to the radiolabeled probe. 

The probe hybridized to an approximately 5-5.5 kb mRNA 
transcript that is most highly expressed in placenta, liver, 
pancreas, and prostate. It is expressed at an intermediate 
5 level in lung, skeletal muscle, kidney, spleen, thymus, ovary, 
small intestine, and colon. The message is expressed at a low 
level in brain, testis, and leukocytes. In tissues where the 
transcript is highly expressed, e.g. liver and pancreas, 
additional bands of 7kb and 1.3 kb are observed. 

10 

Isolation of full length cDNAs 

PCR based techniques were used to extend regions that 
were highly similar to ESTs and regions identified by exon 
prediction software (GRAIL) . The one technique utilized is a 

15 variation on Rapid Amplification of cDNA Ends (RACE) termed 
Reduced Complexity cDNA Analysis (RCCA) similar procedures are 
reported by Munroe et .al. (1995) PNAS 92: 2209-2213 and 
Wilfinger et. al. (1997) BioTechniques 22: 481-486. This 
technique relies upon a PCR template that is a pool of 

20 approximately 20,000 cDNA clones, this reduces the complexity 
of the template and increases the probability of obtaining 
longer PCR extensions . A second technique that was used to 
extend cDNAs was PCR between regions that were identified in 
the genomic sequence of having the potential to be portions of 

25a gene e.g. sequences that were very similar to ESTs or 

sequences that were identified by GRAIL. These PCR reactions 
were done on cDNA prepared from approximately 5 ug of mRNA 
(Clontech, Palo Alto, CA) with the Superscript™ choice system 
(Gibco/BRL, Gaithersburg, MD) . The first strand cDNA 

30 synthesis was primed using 1 ug of oligo (dT) 12 _ 18 primer and 25 
ng of random hexamers per reaction. Second strand cDNA 
synthesis was performed according to the manufacturer's 
instructions. 

35 Identification of additional exons related to EST cluster 1 
We scanned 96 wells of a human fetal brain plasmid 
library, 20,000 clones per well, by amplifying a 366 bp PCR 
product using primers 256F and 622R. The reaction mix 
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consisted of 4 ul of plasmid DNA (0.2 ng/ml) , 10 mM Tris-HCl 
pH 8.3, 50 mM KCl, 10% sucrose, 2.5 mM MgCl 2 , 0.1% Tetrazine, 
200 mM dNTP'' s , 100 ng of each primer and 0.1 ul of Taq Gold 
(Perkin-Elmer, Norwalk, CT) . A total reaction volume of 11 ul 
5 was incubated at 95°C for 12 min followed by 32 cycles of 95°C 
for 30 sec, 60°C, for 30 sec and 72°C for 30 sec. 
Approximately 20 wells were found to contain the correct 366 
bp fragment by PCR analysis. 5' and 3' RACE was subsequently 
performed on several of the positive wells containing the 

10 plasmid cDNA library using a vector specific primer and a gene 
specific primer. The vector specific primers, PBS 543R and 
PBS 873F were both used in combination with gene specific 
primers 117F and 518R because the orientation of the insert 
was not known. PCR amplification conditions consisted of IX 

15TaKaRa Buffer LA, 2.5 mM MgCl 2 , 500 mM dNTP's, 0.2 ul of 

TaKaRa LA Taq Polymerase (PanVera, Madison WI) , 100 ng of each 
primer and 5 ul of the plasmid library at 0.2 ng/ml. In a 
total reaction volume of 20 ml, the thermal cycling conditions 
were as follows: 92 °C for 30 sec, followed by 32 cycles of 

20 92°C for 30 sec, 1 min at 60°C and 10 min at 68°C. After the 
initial PCR amplification, a nested or semi-nested PCR 
reaction was performed using nested vector primers PBS 578R 
and PBS 838F and various gene specific primers (256F, 343F, 
623R and 657R) . The PCR products were separated from the 

25 unincorporated dNTP's and primers using QIAGEN, QIAquick PCR 
purification spin columns using standard protocols and 
resuspended in 30 ul of water. The amplification conditions 
for the nested and semi -nested PCR were the same as the 
initial PCR amplification except that 3 ul of the purified PCR 

30 fragment was used as template and that the cycling conditions 
were for only 20 cycles. Products obtained from this PCR 
amplification were analyzed on 1% agarose gels, excised 
fragments were purified using QIAGEN QIAquick spin columns and 
sequenced using ABI dye -terminator sequencing kits. The 

35 products were analyzed on ABI 377 sequencers according to 
standard protocols. 



Connection of EST clusters 1-3 
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As discussed above it is possible that each EST cluster 
represents a single gene, alternatively the EST clusters may 
be portion^ of the same gene. To distinguish between these 
two possiblities, primers were designed to the two other EST 
5 clusters in the region represented by EST accession numbers 
F07016 (cluster 2, containing 272 nucleotides) and R50627 
(cluster 3, containing 1177 nucleotides) . Primers from 
cluster 1 (117F and 499F) were paired with a primer from EST 
cluster 3 (4034R) in a PCR reaction. A 50 ul reaction was 

10 performed using the Takara LA Taq polymerase (Panvera, 
Madison, WI) in the reaction buffer supplied by the 
manufacturer with the addition of 0.32 mM dNTPs, primers, and 
approximately 30ng of lymph node cDNA. PCR products were 
amplified for 35 cycles of 94°C for 30 sec, 60°C for 30 sec, 

15 and 72°C for 4 minutes. Products were electrophoresed on a 1% 
agarose gel and bands of 2.5 to 3 kb were excised, subcloned 
into pCR 2.1 (Invitrogen, Carlsbad, CA) , and plasmid DNA was 
prepared for DNA sequence analysis. 

The primary reaction described above generated by a 

20 primer in EST cluster 1 (638F) and EST cluster 3 (4173R) was 
utilized as the template for a reaction with a primer from EST 
cluster 1 (638F) and from EST cluster 2 (3556R) . This semi- 
nested PCR reaction was performed with Takara LA Taq 
polymerase as described in the previous paragraph. An 

25 approximately 2 kb product was generated and subcloned for DNA 
sequence analysis. The assembly of the DNA sequence results 
of these PCR products indicated that EST clusters 1 to 3 were 
part of the same gene and established their orientation 
relative to each other in the mRNA transcript produced by this 

30 gene . 

PCR reactions were also performed between EST clusters 2 
and 3 . Amplification from liver cDNA using Takara LA Taq 
polymerase (Panvera, Madison, WI) with the primers 2519F, 
3011F, or 3154F (EST cluster 2) in combination with 5061R (EST 
35 cluster 3) was done for 35 cyles of 95°C for 30 sec, 60°C for 
60 sec, and 72°C for 3 minutes. The PCR products were gel 
purified, subcloned, and the DNA sequence was determined. The 
DNA sequence analysis of the ends of all these PCR products 
resulted in most of the cDNA sequence however to provide for 
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complete DNA sequence of both strands oligonucleotide primers 
were designed and used for DNA sequencing (Figure 5(a)) . 

Extension of the 5' end 

5 RCCA analysis was utilized to obtain a number of clones 

extended 5' by using the internal gene specific primers as 
described previously. Several clonal extensions were isolated 
however most of the clones analyzed stopped within exon A. 
One clone extended past the 5' end of exon A but the sequence 

10 was contiguous with genomic DNA, since, a body of evidence 
indicates an intron/exon boundary at the 5' end of exon A it 
appeared likely that this extension is a result of unprocessed 
intronic sequence. A second clone hlO extended past this 
point but diverged from the genomic DNA sequence. It was 

15 concluded that this represented a chimeric clone that was 
present in the original fetal brain cDNA library. 

Identification of 5' end of isoform 1 

As described above results from RCCA experiments yielded 

20a number of independent clones that terminated at the 5' end 
of exon A. This suggested that the human LRP5 gene contains a 
region that the reverse transcriptase has difficulty 
transcribing. To circumvent this problem we decided to 
isolate the mouse ortholog of LRPS, since subtle differences 

25 in DNA sequence content can alter the ability of an enzyme to 
transcribe a region. To increase the probability of isolating 
the 5' portion of the mouse gene a human probe of 3 66 
nucleotides, described above and derived from exons A and B 
was used. 

30 A cDNA library was constructed from mouse liver mRNA 

purchased from Clontech (Palo Alto, CA) . cDNA was prepared 
using the Superscript Choice system (Gibco/BRL Gaithersburg, 
MD) according to the manufacturer's instructions. 
Phosphorylated Bst XI adapters (Invitrogen, San Diego, CA) 

35 were ligated to approximately 2 ug of mouse liver cDNA. The 
ligation mix was diluted and size-fractionated on a cDNA 
sizing column (Gibco/BRL Gaithersburg, MD) . Drops from the 
column were collected and the eluted volume from the column 
determined as described for the construction of shotgun 
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libraries. The size- fractionated cDNA with the Bst XI 
linkers was ligated into the vector pSHOT II, described above, 
cut with the restriction endonuclease Bst XI, gel purified, 
and dephosphorylated with calf intestinal phosphatase 
5 (Gibco/BRL, Gaithersburg, MD) . The ligation containing 
approximately 10-20 ng of cDNA and approximately 100 ng of 
vector was incubated overnight at 14 °C. The ligation was 
transformed into XL-2 Blue Ultracompetent cells (Stratagene, 
La Jolla, CA.). The transformed cells were spread on twenty 
10 133 mm Colony/Plaque Screen filters (Dupont/NEN, Boston, MA.) 
at a density of approximately 30,000 colonies per plate on 
Luria Broth agar plates supplemented with 100 ug/ml ampicillin 
(Sigma, St. Louis, MO.). The colonies were grown overnight 
and then replica plated onto two duplicate filters. The 
15 replica filters were grown for several hours at 37°C until the 
colonies were visible and processed for in situ hybridization 
of colonies according to established procedures (Maniatis, 
Fritsch and Sambrook, 1982) . A Stratalinker (Stratagene, La 
Jolla, CA.) was used to crosslink the DNA to the filter. The 
20 filters were hybridized overnight with greater than 1,000,000 
cpm/ml probe in IX hybridization buffer (Gibco/BRL, 
Gaithersburg, MD) containing 50% formamide at 42°C. The probe 
was generated from a PCR product derived from the human LRP5 
cDNA using primers 512F and 878R. This probe was random prime 
25 labeled with the Amersham Rediprime kit (Arlington Heights, 
ID in the presence of 50-100 uCi of 3000 Ci/mmole [alpha 
32P]dCTP (Dupont/NEN, Boston, MA) and purified using a 
ProbeQuant G-50 spin column (Pharmacia/Biotech, Piscataway, 
NJ) . The filters were washed with 0.1X SSC, 0.1% SDS at 42°C. 
30 Following autoradiography individual regions containing 

hybridization positive colonies were excised from the master 
filter and placed into 0.5 ml Luria Broth plus 20% glycerol. 
Each positive was replated at a density of approximate 50-200 
colonies per 100 mm plate and screened by hybridization as 
35 described above. Single colonies were isolated and plasmid 
DNA was prepared for DNA sequence analysis. 

Three clones were isolated from the mouse cDNA library 
the assembled sequence of the clones (Figure 16 (a) ) that had a 
high degree of similarity (87% identical over an approximately 
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1700 nucleotide portion) with the human LRP5 gene and thus 
likely represent the mouse ortholog of LRP5. The 500 amino . 
acid of the' portion of the mouse LRP5 (Figure 16(d)) that we 
initially obtained is 96% identical to human LRP5 . 

5 Significantly two of these clones had sequence that was 5' of 
the region corresponding to exon A, clone 19a contained an 
additional 200 bp and clone 9a contained an additional 180 bp 
(Figure 16(b)). The additional 200 bp contains an open 
reading frame that begins at bp 112 (Figure 16(c)). The 

10 initiating codon has consensus nucleotides for efficient 
initiation of translation at both the -3 (purine) and +4 (G 
nucleotide) positions (Kozak, M. 1996, Mamalian Genome 7:563- 
574) . This open reading frame encodes a peptide with the 
potential to act as a eukaryotic signal sequence for protein 

15 export (von Heijne, 1994, Ann. Rev. Biophys. Biomol . Struc . 
23:167-192). The highest score for the signal sequence as 
determined by using the SigCleave program in the GCG analysis 
package (Genetics Computer Group, Madison WI) generates a 
mature peptide beginning at residue 29 of isoform 1. 

20 Additional sites that may be utilized produce mature peptides 
beginning at amino acid residue 31 (the first amino acid 
encoded by exon A) or amino acid residues 32, 33, or 38. 

Molecular cloning of the full length mouse Lrv3 cDNA 
25 The mouse cDNA clones isolated by nucleic acid 

hybridization contain 1.7 Kb of the 5' end of the Lrp3 cDNA- 
(Figure 16(a)). This accounts for approximately one-third of 
the full length cDNA when compared to the human cDNA sequence . 
The remainder of the mouse Lrp3 cDNA was isolated using PCR to 
30 amplify products from mouse liver cDNA. PCR primers, Table 9, 
were designed based upon DNA sequences identified by the 
sequence skimming of mouse genomic clones, BACs 53-d- 8 and 
131-p-15, which contain the mouse Lrp3 gene. BAC 53-d-8 was 
mapped by FISH analysis to mouse chromosome 19 which is 
35 syntenic with llql3 . Sequence skimming of these clones 
identified DNA sequences that corresponded to the coding 
region of human LRP5 as well as the 3' untranslated region. 
This strategy resulted in the determination of a mouse cDNA 
sequence of 5059 nucleotides (Figure 18(a)) which contains an 
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open reading frame of 4842 nucleotides (Figure 18(b)) that 
encodes a protein of 1614 amino acids (Figure 18(c)). The 
putative ATG is in a sequence context favorable for initiation 
of translation (Kozak, M. 1996, Mamalian Genome 7:563-574). 

5 

Comparison of human and mouse LRP5 

The cDNA sequences of human and mouse LRP5 display 87% 
identity. The open reading frame of the human LRP5 cDNA 
encodes a protein of 1615 amino acids that is 94% identical to 

10 the 1614 amino acid protein encoded by mouse Lrp3 (Figure 
18(d)) . The difference in length is due to a single amino 
acid deletion in the mouse Lrp3 signal peptide sequence. The 
signal peptide sequence is not highly conserved being less 
than 50% identical between human and mouse. The location of 

15 the putative signal sequence cleavage site is at amino acid 
residue 25 in the human and amino acid 29 in the mouse. 
Cleavage at these sites would result in mature human and mouse 
proteins of 1591 and 1586 amino acids, respectively, which are 
95% identical (Figure 18(e)). The high degree of overall 

20 sequence similarity argues strongly that the identified 

sequences are orthologs of the LRP5 gene. This hypothesis is 
further supported by the results of genomic Southern 
experiments (data not shown) . 

25 Identification of human signal peptide exon for isoform 1 
The human exon encoding a signal peptide was isolated 
from liver cDNA by PCR. The forward primer IF (Table 9) was 
used in combination with one of the following reverse primers: 
218R, 265R, 318R, and 361R in a PCR reaction using Taq Gold 

30 polymerase (Perkin- Elmer, Norwalk, CT) and supplemented with 
either 3, 5, or 7% DMSO. Products were amplified for 40 
cycles of 30 sec 95°C, 30 sec 58°C, and 1 min 72°C. The 
products were analyzed on an agarose gel and some of the 
reactions containing bands of the predicted size were selected 

35 for DNA sequence analysis and subcloning into pCR2.1 
(Invitrogen, San Diego, CA) . 

The derived DNA sequence of 139 nucleotides upstream of 
exon 2 (also known as exon A) contains an ATG that is in a 
context for efficient initiation of translation: an adenine 
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(A) residue at the -3 position and a guanine (G) residue at 
the +4 position (Kozak, M. 1996, Mamalian Genome 7:563-574).. 
The open reading frame for this ATG continues for 4854 
nucleotides (Figure 5 (b) ) which encodes a polypeptide of 1615 

5 amino acids (Figure 5(c) 

The sequence following the initiator ATG codon encodes a 
peptide with the potential to act as a signal for protein 
export. The highest score for the signal sequence (15.3) 
indicated by the SigCleave program in the GCG analysis package 

10 (Genetics Computer Group, Madison WI) generates a mature 
polypeptide beginning at amino acid residue 25 (Figure 5(d,e). 
Additional putative cleavage sites that may be utilized to 
produce a mature LRP5 protein are predicted for residues 23, 
24, 26, 27, 28, 30 and 32 (the first amino acid encoded by 

15 exon A) . 

Determination of the genomic DNA sequence containing and 
flanking the signal peptide exon 

The region that contained genomic DNA sequence identical 
20 to the cDNA sequence encoding a signal peptide was in a gap 
between two stretches of contiguous genomic DNA sequence known 
as contigs 57 and 58. To close this gap four clones were 
chosen from the shotgun library that were determined to span 
this gap according to analysis by the program Phrapview 
25 licensed from Dr. Phil Green of the University of Washington 
(Seattle, WA) . Direct DNA sequencing of these clones was 
unsuccessful, i.e. high GC content significantly reduced the 
efficiency of the cycle sequencing. To circumvent this 
problem PCR products were generated by incorporating 7-deaza- 
30dGTP (Pharmacia, Pharmacia Biotech, Piscataway, NJ) . The 
conditions for these reactions consisted of a modification of 
the Klentaq Advantage-GC polymerase kit (Clontech, Palo Alto, 
CA) . The standard reaction protocol was modified by 
supplementing the reaction mix with 200 uM 7-deaza-dGTP. 
35 Inserts were amplified with M13 forward and reverse primers 
for 32 cycles of 30 sec at 92°C, 1 min at 60°C, and 5 min at 
68°C. Products were gel purified using Qiaquick gel 
extraction kit (Qiagen Inc., Santa Clarita, CA) and sequenced 
as described previously. Assembly of the resulting sequences 
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closed the gap and generated a contiguous sequence of 
approximately 78,000 bp of genomic DNA. 

Extension of Isoforms 2 and 3 
5 The software package GRAIL (supra) predicts exons and 

promoter sequences from genomic DNA sequence. One region 
identified by GRAIL is an exon originally designated Gl and 
subsequently termed exon 1 that is approximately 55 kb 
upstream of the beginning of exon A (Figure 12(c)). Three 
10 primers designated Gl If to 3f were designed based on this 
sequence. This exon was of particular interest because GRAIL 
also predicted a promoter immediately upstream of the exonic 
sequence (Figure 12 (e) ) . Furthermore one of the open reading 
frames in Gl encoded a peptide that had the characteristics of 
15a eukaryotic signal sequence. 

To determine whether the Gl predicted exon was part of 
the LRP5 gene, reverse transcriptase (RT) PCR was performed 
using the Taqara RNA PCR kit (Panvera, Madison WI) . Human 
liver mRNA (50 ng) was used as the template for a 10 ul 
20 reverse transcriptase reaction. The reverse transcriptase 
reaction using one of the LRP5 specific primers (622R, 361R, 
or 318R) was incubated at 60°C for 30 min, followed by 99°C 
for 5 min, and then the sample was placed on ice. One of the 
forward primers, Table 2, (Gl If , 2f , or 3f) was added along 
25 with the reagents for PCR amplification and the reaction was 
amplified for 30 cycles of 30 sec at 94°C, 30 sec at 60°C, and 
2 min at 72°C. This primary PCR reaction was then diluted 1:2 
in water and 1 ul of the reaction was used in a second 20 ul 
reaction using nested primers- The reaction conditions for 
30 the second round of amplification were 30 cycles of 94°C for 
30 sec, 60°C for 30 sec and 72°C for 2 min. The products were 
separated on an agarose gel and excised. The purified 
fragments were subcloned into pCR 2.1 (Invitrogen, Carlsbad, 
CA) , plasmid DNA was prepared, and the DNA sequence was 
35 determined. 

The DNA sequence of these products indicated that Gl 
(exon 1) was present on at least a portion of the LRP5 
transcripts. Two different isoforms were identified. The 
first, isoform 2 (Figure 11(a)), identified in this experiment 
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consists of exon 1 followed by an exon that we have given the 
designation exon 5. This splice variant has an open reading 
frame that initiates in exon B nucleotide 402 (Figure 11 (a) ) , 
the initiator methionine at this location does not conform to 
5 the consensus sequences for translation initiation (Kozak, M. 
(1996) Mamalian Genome 7:563-574). A second potential 
initiator methionine is present at nucleotide 453 , this codon 
is in a context for efficient initiation of translation 
initiation (Kozak, M. (1996) Mamalian Genome 7:563-574). The 

10 longest potential open reading frame fpr isoform 2 (Figure 11 
(c) ) encodes a splice variant contains a eukaryotic signal 
sequence at amino acid 153 . The mature peptide generated by 
this splice variant would be lacking the first five spacer 
domains and a portion of the first EGF-like motif. 

15 The second isoform (isoform 3) consists of exon 1 

followed by exon A (Figure 12 (a) ) . It is not known whether 
exon 1 is the first exon of isoform 2. However the location 
of a GRAIL predicted promoter upstream of Gl suggests the 
possibility that exon 1 is the first exon. Futhermore there 

20 is an open reading frame that extends past the 5' intron/exon 
boundary postulated by GRAIL (Figure 12 (b) ) . Therefore we 
have examined the possiblity of incorporating this extended 
open reading frame into the LRP5 transcript. The resulting 
open reading frame (Figure 12 (c) ) encodes a 1639 amino acid 

25 protein (Figure 12 (d) . The initiator methionine codon does 
not contain either of the consensus nucleotides that are 
thought to be important for efficient translation (Kozak, M. 
1996, Mamalian Genome 7:563-574) . Nor does the predicted 
protein contain a predicted eukaryotic signal sequence within 

30 the first 100 amino acids. Alternatively there may be 
additional exons upstream of exon 1 which provide the 
initiator methionine codon and/or a potential signal sequence. 

RACE extension of the 5' end of lrp5: Isoforms 4 and 5 
35 RACE is an established protocol for the analysis of cDNA 

ends. This procedure was performed using the Marathon RACE 
template purchased from Clontech (Palo Alto, CA) . This was 
performed according to instructions using Clontech "Marathon" 
cDNA from fetal brain and mammary tissue. Two "nested" PCR 
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amplifications were performed using the ELONGASE™ long-PCR 
enzyme mix & buffer from Gibco-BRL (Gaithersburg, MD) . 

Marathon primers 
5 API : CCATCCTAATACGACTCACTATAGGGC 
AP2 : ACTCACTATAGGGCTCGAGCGGC 

First round PCR used 2 microliters Marathon placenta cDNA 
template and 10 pmoles each of primers L217 and API. Thermal 
cycling was: 94°C 30 sec, 68°C 6 min, 5 cycles; 94°C 30 sec, 

10 64°C 30 sec, 68°C 4 min, 5 cycles; 94°C 30 sec, 62°C 30 sec, 
68°C 4 min, 30 cycles. One microliter from a 1/20 dilution of 
this reaction was added to a second PCR reaction as DNA 
template. This PCR reaction also differed from the first PCR 
reaction in that nested primers L120 and AP2 were used. Two 

15 products of approximately 1600 bp and 300 bp were observed and 
cloned into pCR2 . 1 (Invitrogen, Carlsbad CA) . The DNA 
sequence of these clones indicated that they were generated by 
splicing of sequences to exon A. The larger 1.6 kb fragment 
(Figure 13) identified a region approximately 4365 nucleotides 

20 upstream of exon A and appeared to be contiguous with genomic 
DNA for 1555 base pairs. The sequence identified by the 300 
bp fragment was approximately 5648 nucleotides upstream of 
exon A (Figure 14) . This sequence had similarity to Alu 
repeats. The region identified by the 300 bp fragment was 

25 internal to the region identified by the 1.6 kb fragment. The 
open reading frame for these isoforms designated 4 and 5 is 
the same as described for isoform 2 (Figure 11 (b) ) . 

Extension of Isoform 6 

30 GRAIL (supra) analysis was used to predict potential 

promoter regions for the gene. Primers were designed to the 
isoform 6 promoter sequence (Figure 15 (b) ) which was defined 
by GRAIL and is approximately 4 kb centromeric of exon A. 
This region was designated GRAIL promoter-1 (Gp-1) . 

35 The PCR primer Gp If (Table 2) was used in a PCR reaction 

with primer 574r and 599r using the polymerase Taq Gold in the 
reaction buffer supplied by the manufacturer (Perkin Elmer, 
Norwalk, CT) . The reaction conditions were 12 min at 95°C 
followed by 35 cycles of 95°C for 30 sec, 60°C for 30 sec, and 
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72 °C for 1 min 30 sec with approximately lOng of liver cDNA 
per 20 ul reaction. The primary reactions were diluted 20. 
fold in water and a second round of PCR using primer Gp If in 
combination with either 474r or 521r was done. Products were 
5 analyzed on a 2% agarose gel and bands of approximately 220 to 
400 bp were subcloned into pCR 2.1 (Invitrogen, Carlsbad, CA) 
and analyzed by DNA sequence analysis. The open reading frame 
present in isoform 4 is the same as described for isoform 2 
above (Figure 11 (b) ) . 

10 

Microsatellite Rescue 

A vectorette library was made from each clone by 
restricting each clone and ligating on a specific bubble 
linker (Munroe, D.J. et al. (1994) Genomics 19, 506). PCR was 

15 carried out beween a primer (Not 1-A) specific for the linker, 
and a repeat motif (AC) UN, (where N is not A) , at an 
annealing temperature of 65 °C. The PCR products were gel 
purified and sequenced using the ABI PRISM dye terminator 
cycle sequencing kit as previously described. From this 

20 sequence, a primer was designed, which was used in PCR with 
the Not 1-A primer. This was also sequenced, and a second PCR 
primer designed, (Table 8 ) so that both primers flanked the 
repeat motif, and were used for genotyping. 

25 Mutation Scanning 

Single nucleotide polymorphisms (SNP's) were identified 

in type 1 diabetic patients using a sequencing scanning 

approach (Table 5) . 

Primers were designed to specifically amplify genomic 
30 fragments, approximately 500 to 800 bp in length, containing 

specific regions of interest (i.e. regions that contained LRP5 

exons, previously identified SNP's or GRAIL predicted exons) . 

To facilitate fluorescent dye primer sequencing, forward and 

reverse primer pairs were tailed with sequences that 
35 correspond to the M13 Universal primer (5' -TGTAAAACGACGGCCAGT- 

3') and a modified M13 reverse primer (5'- 

GCTATGACCATGATTACGCC-3' ) , respectively. PCR products produced 
using the primer sets, mentioned above, were amplified in 50 
ul reactions consisting of Perkin-Elmer 10 x PCR Buffer, 200 
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mM dNTP's, 0.5 ul of Taq Gold (Perkin-Elmer Corp., Foster 
City, CA) , 50 ng of patient DNA and 20 pmol/ml of forward and 
reverse primers. Cycling conditions were 95°C for 12 min; 35 
cycles of 95°C for 30 sec, 57°C for 30 sec and 68°C for 2 min, 
5 followed by an extension of 72 °C for 6 min and a 4°C hold. 
Conditions were optimized so that only single DNA 
fragments were produced by these reaction. The PCR products 
* were then purified for sequencing using QiaQuick strips or 

QiaQuick 96 well plates on the Qiagen robot (Qiagen Inc., 
10 Santa Clarita, CA) . This purification step removes the 
unincorporated primers and nucleotides. 

Direct BODIPY dye primer cycle sequencing was the method 
used to analyze the PCR products (Metzker et. al . (1996) 

15 Science 271, 1420-1422). A Tecan robot (Tecan, Research 
Triangle Park, NC) carried out the sequencing reactions using 
standard dye primer sequencing protocols (ABI Dye Primer Cycle 
Sequencing with AmpliTaq DNA Polymerase FS, Perkin-Elmer 
Corp., Foster City, CA) . The reactions were generated using 

20 the following cycling conditions on a DNA Engine thermal 

cycler (M.J. Research Inc., Watertown, MA), 15 cycles of 95°C 
for 4 sec, 55°C for 10 sec, and 70°C for 60 sec; followed by 
15 cycles of 95°C for 4 sec, and 70°C for 60 sec. After 
cycling, samples were pooled, precipitated and dried down. 

25 The samples were resuspended in 3 ul of loading buffer and 2 
ml were run on an ABI 377 Automated DNA sequencer. 

Once SNP's have been identified, scanning technologies 
are employed to evaluate their informativeness as markers to 
assist in the determination of association of the gene with 

30 disease in the type 1 diabetic families. We are using 

restriction fragment length polymorphisms (RFLP's) to assess 
SNP's that change a restriction endonuclease site. 
Furthermore, we are using forced RFLP PCR (Li and Hood (1995) 
Genomics 26, 199-206; Haliassos et.al. (1989) Nuc. Acids Res. 

35 17, 3608) and ARMS (Gibbs et.al. (1989) Nuc. Acids Res. 17, 
2437-2448; Wu et. al . (1989) Proc. Natl. Acad. Sci. USA 86, 
2757-2760) to evaluate SNP's that do not change a restriction 
endonuclease site. We are also trying to scan larger regions 
of the locus by developing fluorescent based Cleavase (CFLP) 
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(Life Technologies, Gaithersburg, MD) and Resolvase, (Avitech 
. Diagnostics, Malvern, PA) assays. 

Haplotype analysis at IDDM4 
5 Haplotype mapping (or identity-by-descent mapping) has 

been used in conjunction with association mapping to identify 
regions of identity-by-descent (IBD) in founder populations, 
where (some) of the affected individuals in a founder 
population share not only the mutation, but also a quite large 

10 genomic haplotype (hence identical piece of DNA) surrounding 
the disease locus. Recombinant haplotypes can be utilised to 
delineate the region containing the mutation. These methods 
have been used to map the genes of the recessive disorders : 
Wilson's disease, Batten's disease, Hirschsprung's disease and 

15 hereditary haemochromatosis (Tanzi, R. , et al . (1993) Nature 
Genet 5, 344-350; The International Batten Disease Consortium. 
(1995) Cell 82, 949-957; Puf f enberger , E., et al . (1994) Hum 
Mol Genet 3, 1217-1225; and Feder, J., et al . (1996) Nature 
Genet 13, 399-408) . Similarly, in type 1 diabetes, for IDDM1 , 

20 comparative MHC haplotype mapping between specific Caucasian 
and haplotypes of African origin identified both HLA-DQA1 and 
HLA-DQB1 as susceptibility loci for this disorder (Todd, J. et 
al (1989) Nature 338, 587-589; and Todd, J. et al ( 1987) 
Nature 329, 599-604) . 

25 On chromosome llql3 haplotype analysis was undertaken 

in conjunction with association analysis in order to identify 
regions of IBD between haplotypes which are transmitted more 
often than expected, hence contain a susceptible allele at the 
aetiological locus; in contrast protective haplotypes will be 

30 transmitted less often than expected and contain a different 
(protective) allele at the aetiological locus. Evidence for a 
deviation in the expected transmission of alleles was shown 
with the two polymorphic markers D11S1917 and H0570POLYA . In 
2042 type 1 diabetic families from the UK, USA, Norway, 

35 Sardinia, Romania, Finland, Italy and Denmark, transmission of 
D11S1917 -H0570POLYA haplotype 3-2 to affected offspring was 
negative (46%) , with a 2X2 test of heterogeneity between 
affected and unaffected transmissions produced x 2 =23, df=l, 
p<1.5 x 10" 6 , providing good evidence that this is a 
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protective haplotype. In contrast, the 2-3 haplotype was more 
transmitted to affected than non-affected offspring (%T=51.3.; 
2X2 contingency test; x 2 =5.5, df=l / p<0.02), indicating that 
this was a susceptible (or possibly neutral) chromosome. A 
5 further haplotype, which is rare, has been identified which 
appears to be susceptible to type 1 diabetes (D11S1917- 
H0570POLYA, 3-3, %T affecteds = 62.4, 2X2 contingency test, 
affecteds vs non-af fecteds;chi 2 =6 . 7, df=l, p<0.009). 
Therefore, analysis of association in this region has produced 

10 evidence for a haplotype which contains an allele protective 
against type 1 diabetes, as it is significantly less 
transmitted to the affected offspring in comparison to the 
unaffected offspring, and evidence for two non-protective 
haplotypes, which have a neutral or susceptible effect on type 

15 1 diabetes. 

Extending this haplotype analysis to include the 14 
flanking microsatellite markers 255ca5, D11S987 , 255ca6, 
255ca3, D11S1296, E0864CA, TAA, L3001CA, D11S1337 , 14LCA5 , 
D11S4178, D11S970, 14LCA1, 18018 , as well as the single 

20 nucleotide polymorphisms (SNPs) 58-1, Exon E (intronic, 8bp 3' 
of exon 6) and Exon R (Ala 1330 , exon 18) (Figure 19), revealed 
highly conserved haplotypes within this interval in the 
diabetic individuals. A distinct protective haplotype (A) has 
been identified (encompassing the 3-2 haplotype at D11S1917- 

25 H0570POLYA) , as well as a distinct susceptible haplotype (B) 

' (encompassing the 2-3 haplotype at D11S1917-H0570POLYA ) . The 
susceptible haplotype is IBD with the protective haplotype, 3' 
of marker D11S1337, indicating that the aetiological variant 
playing a role in type 1 diabetes does not lie within the 

30 identical region, localising it 5' of Exon E of the LRP-5 
gene. This region that is IBD between the protective, and 
susceptible haplotypes prevents association analysis being 
undertaken, as no deviation in transmission to affected 
offspring would be detected. The rare susceptible haplotype 

35 (C) , 3-3 at D11S1917-H0570POLYA, can also be identified. 
Haplotype analysis with the additional markers in the region 
reveals that this rare susceptible haplotype is identical to 
the susceptible haplotype between UT5620 and 14L15CA, 
potentially localising the aetiological variant between UT5620 
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and Exon E, which is approximately lOOkb. Therefore, the 
susceptible and rare susceptible haplotypes may carry an 
allele (or separate alleles) which confers a susceptible 
effect on type 1 diabetes, whereas the protective haplotype 

5 contains an allele protective against IDDM. The 5' region of 
the LRP5 gene lies within this interval, encompassing the 5' 
regulatory regions of the LRP5 gene and exons 1 to 6, 

Analysis of the Italian and Sardinian haplotypes revealed 
an additional two susceptible haplotypes. At D11S1917- 

\0H0570POLYA in the Italian families haplotype 1-3, 63%T, 2X2 
affected verses non-af fecteds p=0.03 (haplotype D) . At 
H0570POLYA -L3001 in the Sardinian families haplotype 1-2 
58%T, 2X2 affected verses non-af fecteds, p=0.05 (haplotype E) . 

15 Samples containing the above five haplotypes were 

genotyped with SNPs from the IDDM4 region in order to 
investigate regions of IBD (Figure B) . These SNPs confirmed 
the region of IBD between the susceptible haplotypes B and C 
between UT5620 and 14L15CA. It also confirmed the region of 

20 IBD between the protective and susceptible haplotypes A and B 
3' of marker D11S1337, excluding this region from containing 
the aetiological variant. The SNP analysis also revealed a 
potential region of IBD between UT5620 and TAA, between the 
susceptible haplotypes B, C, D and E, which is distinct from 

25 the protective haplotype A (a 25kb region) . The marker 

H0570POLYA lies within "this interval, and is not identical in 
haplotype E compared to the other susceptible haplotypes; 
possibly this is due to mutation at this polymorphism, or it 
delineates a boundary within this region and the aetiological 

30 variant is either 5' or 3' of this marker. Further analysis of 
additional SNPs within this interval will be necessary. 

Therefore haplotype mapping within the IDDM4 region has 
identified a region of IBD between the susceptible haplotypes 
B and C of lOOkb, in the 5' region of the LRP5 gene. SNP 

35 haplotype mapping has possibly further delineated this to a 
25kb interval encompassing the 5' region of LRP5 which 
includes possible regulatory sequences for this gene; a 
putative promoter, and regions of homology with the mouse 
syntenic region (Table 12), as well as exon 1 of LRP5 . 



WO 98/46743 




PCT/GB98/01102 



Construction of Adenovirus vectors containing LRP5 . . 

The full-length human LRP5 gene was cloned into the 
adenovirus transfer vector pdelElsplA-CMV-bGHPA containing 
5 the human Cytomegalovirus immediate early promoter and the 
bovine growth hormone polyadenylation signal to create 
pdehlrp3 . This vector was used to construct an adenovirus 
containing the LRP5 gene inserted into the El region of the 
virus directed towards the 5' ITR. In order to accommodate a 

IOcDNA of this length, the E3 region has been completely deleted 
from the virus as it has been described for pBHGlO (Bett at 
al.1994 Proc Natl Acad Sci 91: 8802-8806) An identical 
strategy was used to construct an adenoviral vector containing 
the full-length mouse Lrp5 gene. 

15 A soluble version of mouse Lrp5 was constructed in which 

a His tag and a translational stop signal replaced the 
putative transmembrane spanning domain (primers listed in 
Table 9) . This should result in the secretion of the 
extracellular domain of Lrp5 and facilitate the biochemical 

20 characterization of the putative ligand binding domain of 
Lrp5. Similarly a soluble version of human LRP5 can be 
constructed using primers shown in Table 9. The extracellular 
domain runs to amino acid 13 85 of the precursor (immature) 
protein sequence. 

25 

Identification of LRP5 ligands 

LRP5 demonstrates the ablility to bind and take up LDL 
(see below), but this activity is not a high level. 
Therefore, it is likely that LRP5 has the capacity to bind 

30 additional ligand (s) . To identify LRP5 ligands the 

extracellular domain consisting of the first 1399 amino acids 
of human LRP5 , or the corresponding region of mouse Lrp5 will 
be purified. A number of expression systems can be used these 
include plasmid based systems in Drosophila S2 cells, yeast 

35 and E. coli and viral based systems in mammalian cells and 
SF9 insect cells. A histidine tag will be used to purify LRP5 
on a nickel column (Novagen, Madison WI) . A variety of resins 
may be used in column chromatography to further enrich soluble 
LRP5. LRP5 will be attached to a solid support e.g. a nickel 
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column. Solutions containing ligands from serum fractions, 
urine fractions, or fractions from tissue extracts will be- . 
fractionated over the LRP5 column. LRP5 complexed with bound 
ligand will be eluted from the nickel column with imidizole. 
5 The nature of the ligand (s) bound to LRP5 will be 
characterized by gel electrophoresis, amino acid sequence, 
amino acid composition, gas chromatography, and mass 
spectrophotometer . 

Attachment of purified LRP5 to a BiaCore 2000 (BiaCore, 

10 Uppsula Sweden) chip will be used to determine whether ligands 
that bind to LRP5 are present in test solutions. Once ligands 
for LRP5 are identified the LRP5 chip will be used to 
characterize the kinetics of the LRP5 ligand interaction. 

Adenoviral vectors containing soluble versions of LRP5 

15 will be used to infect animals, isolation of ligand/LRP5 

complexes from serum or liver extracts will be facilitated by 
the use of a histidine tag and antibodies directed against 
this portion of LRP5 . 

20 Treatment of animals with LRP5 virus 

A wide range of species may be treated with adenovirus 
vectors carrying a transgene. Mice are the preferred species 
for performing experiments due to the availability of a number 
of genetically altered strains of mice, i.e. knockout, 

25 transgenic and inbred mice. However larger animals e.g. rats 
or rabbits may be used when appropriate. A preferred animal 
model to test the ability of LRP5 to modify the development of 
type 1 diabetes is the non-obese diabetic (NOD) mouse. 
Preferred animal models for examination of a potential role 

30 for LRP5 in lipoprotein metabolism are mice in which members 
of the LDL-receptor family have been disrupted, e.g. the LDL- 
receptor {LDLR) , or in which genes involved in lipoprotein 
metabolism, e.g. Apo-E, have been disrupted. 

Adenoviruses are administered by injecting approximately 

35 1 x 10 9 plaque forming units into the tail vein of a mouse. 
Based on previous studies this form of treatment results in 
the infection of hepatocytes at a relatively high frequency. 
Three different adenovirus treatments were prepared, 1.) 
adenovirus containing no insert (negative control), 2.) 
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adenovirus containing human LDLR (positive control) or 3.) 
adenovirus containing human LRP5 . Each of these viruses were 
used to infect five C57 wild type and five C57 LDLR knockout 
mice. A pretreatment bleed, 8 days prior to injection of the 
5 virus was used to examine serum chemistry values prior to 
treatment. The animals were injected with virus. On day 
five following administration of the virus a second (treatment 
) bleed was taken and the animals were euthanized for 
collection of serum for lipoprotein fractionation. In 

10 addition tissues were harvested for in situ analysis, immuno- 
histochemistry, and histopathology . 

Throughout the experiment, animals were maintained in a 
standard light/dark cycle and given a regular chow diet. The 
animals were fasted prior to serum collection. In certain 

15 experimental conditions it may be desirable to give animals a 
high fat diet. 

Standard clinical serum chemistry assays were performed 
to determine; serum triglycerides, total cholesterol, alkaline 
phosphatase, aspartate aminotransferase, alanine 
20 aminotransferase, urea nitrogen, and creatinine. Hematology 
was performed to examine the levels of circulating leukocytes, 
neutrophils, the percent lymphocytes, monocytes, and 
eosinophils, erythrocytes, platelets, hemoglobin, and percent 
hematocrit. 

25 Serum lipoproteins were fractionated into size classes 

using a Superose 6 FPLC sizing column and minor modifications 
of the procedure described by Gerdes et al. (Clin. Chim. Acta 
205:1-9 (1992)), the most significant difference from the 
Gerdes procedure being that only one column was used. Column 

30 fractions were collected and analyzed for cholesterol and 
triglyceride. The "area under the curve" was calculated for 
each lipoprotein class. The approximate peak fractions that 
correspond to each of the classes defined by density are: 
fraction 24 for VLDL, fraction 36 for LDL and fraction 51 for 

35 HDL. 

LRP5 over express ion affects serum triglycerides and 
lipoproteins 

Statistical analysis of serum chemistry data indicated 
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that relative to control virus there was a 30% decrease, p 
value. = 0.025, in triglyceride levels in animals treated. . 
with LRP5 containing virus (Table 10) . This decrease in 
triglycerides occurred at a similar level in both wild type 

Sand KO mice. By comparison, the LDLR virus reduced serum 
triglycerides approximately 55%, relative to the contol 
virus. This result indicates that LRP5 has the potential to 
modulate serum triglyceride levels. 

The serum lipoprotein profile indicated that the VLDL 

10 particle class was decreased in wild type mice treated with 
LRP5 virus. Although the number of samples analyzed was not 
sufficient for statistical analyses, this result is consistent 
with the observed decrease in serum triglycerides. These 
results suggest that LRP5 has the potential to bind and 

15 internalize lipid rich particles, causing the decrease in 
serum triglycerides and VLDL particles. Therefore treatment 
with LRP5 or with therapeutic agents that increase the 
expression of LRP5 or the biological activity of LRP5 may be 
useful in reducing lipid rich particles and triglycerides in 

20 patients with diseases that increase triglyceride levels, e.g. 
type 2 diabetes and obesity. 

Although not statistically significant there was an 
observed trend towards a reduction in serum cholesterol levels 
as a consequence of LRP5 treatment (28 %, p = 0.073) in mice 

25 that have a high level of serum cholesterol (approximately 220 
mg/dL), due to a disruption (knockout) of the LDL- receptor 
(Table 10) . An opposite trend, in that LRP5 treatment 
elevated serum cholesterol (30%, p « 0.08) was not observed in 
wild type mice which have a relatively low level of serum 

30 cholesterol (approximately 70 mg/dL) . The small treatment 
groups, n = 4 , in these data sets limits the interpretation 
of these results and indicates that further experimentation is 
necessary. Nevertheless, these results suggest that in a 
state of elevated cholesterol an increase in the activity of 

35 LRP5 might reduce serum cholesterol levels. Therefore 

treatment with LRP5 or with therapeutic agents that increase 
either the expression of LRP5 or the biological activity of 
LRP5 may be useful in reducing cholesterol in patients with 
hypercholesterolemia . 
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LRP5 overexpression may affect serum alkaline phosphatase 
levels . . 

Serum alkaline phosphatase levels can be dramatically 
elevated, e.g. 20 fold increase, as a consequence of an 
5 obstruction of the bile duct (Jaffe, M. S. and McVan, B. # 
1997, Davis's laboratory and diagnostic test handbook. pub. 
F. A. Davis Philadelphia PA) . However, lower levels, up to a 
three fold increase of alkaline phosphatase can result from 
the inflammatory response that take place in response to an 

10 infectious agent in the liver, e.g. adenovirus. In animals 
treated with a control virus there was an approximately 2 -fold 
increase in alkaline phosphatase levels. In contrast, there 
was only a slight increase in alkaline phophatase levels in 
animals treated with the LRP5 virus. Relative to the control 

15 the alkaline phosphatase level was reduced 4 9% in the LRP5 
treated animals, p value = 0.001 (Table 10). 

The increase in alkaline phosphatase levels may be a 
consequence of the level of infection with the adenovirus, 
therefore, a possible explanation for the decrease in the 

20 animals treated with the LRP5 virus may simply be due to less 
virus in this treatment group. An indicator of the level of 
the viral infection is the appearance in the serum of the 
liver enzymes aspartate aminotransferase and alanine 
aminotransferase. These enzymes are normally found in the 

25 cytoplasm of cells and elevated in the serum when cellular 
damage occurs (Jaffe, M. S. and McVan, B., 1997, Davis ' s 
laboratory and diagnostic test handbook. pub. F . A. Davis 
Philadelphia PA) . Therefore these enzymes serve as markers for 
the level of toxicity that is a consequence of the adenoviral 

30 infection. These enzymes are present at a normally low level 
prior to the infection and in animals that did not receive 
virus. Importantly, the levels of aspartate aminotransferase 
and alanine aminotransferase are higher in the animals given 
the LRP5 virus indicating that these animals have more 

35 cellular damage and thus a more extensive infection than the 
animals given the control virus (Table 11) . Therefore, it is 
unlikely that the reduced level of alkaline phosphatase is 
simply owing to less LRP5 virus being administered. A second 
possible explanation is that LRP5 modifies the nature of the 
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inflammatory response resulting from the adenovirus infection. 
A possible role for LRP5 in modulating the inflammatory . . 
response is' consistent with the genetic data indicating that 
this gene is associated with risk for developing type 1 
5 diabetes. Chronic insulitis or inflammation is a precursor to 
clinical onset of type 1 diabetes therefore LRP5 treatment or 
treatment with therapeutic agents that either increase the 
transcription of LRP5 may be of utility in preventing type 1 
diabetes. Type 1 diabetes is an autoimmune disease, 
10 therefore treatment with LRP5 or with therapeutics agents that 
either increase the expression of LRP5 or the biological 
activity of LRP5 may be useful in treating other autoimmune 
diseases . 

15 Expression of LRP5 in cell lines 

Overexpression of LRP5 under the control of a 
heterologous promoter can be accomplished either by infection 
with an adenovirus containing LRP5 or by transfection with a 
plasmid vector containing LRP5. Transfection with a plasmid 

20 vector can lead to either transient or a stable expression of 
the transgene. 

Endogenous LDL-receptors reduce the ability to detect the 
uptake of LDL by other members of the LDL-receptor family. To 
study lipoprotein uptake in the absence of the LDL-receptor, 

25 primary cell lines from human patients with familial 

hypercholesterolemia (FH) were used. These FH cell lines lack 
any endogenous LDL-receptor. FH fibroblasts were infected at 
an MOI of. 500 plaque forming units per cell for 24 hours at 
37°C. Following infection, cells were incubated with 40 fig/ml 

30 125 I-LDL at 37°C. After 4 hours, cells were washed and uptake 
of LDL measured. A modest (approximately 60%) increase in the 
level of LDL uptake was observed. By comparison, the 
infection of FH cells with an adenovirus containing the LDL- 
receptor resulted in a 20 -fold increase in LDL uptake (p < 

35 0.0001, n = 3) . To determine whether this modest level of 
activity mediated by LRP5 was statistically significant, 24 
individual wells were infected with LRP5 virus and analyzed. 
Statistical analysis of this experiment indicated that the 
increase in LDL uptake was highly signficant, p < 0.0001. 
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Therefore LRP5 can mediate LDL uptake. However, based on the 
modest level of activity, relative to the LDL-receptor , it 
does not appear that the primary activity of LRP5 is to 
mediate the uptake of LDL. 
5 Additional cell lines exist that lack either the LDL- 

receptor or other members of the LDL-receptor family. The 
PEA-13 cell line (ATCC 2216-CRL) lacks the LRP1 receptor. 
Mutant CHO cells lacking the LDL receptor have been described 
by Kingsley and Krieger ( Proceedings National Academy 
lOSciences USA (1984) 81:5454). This cell line, known as ldlA7, 
is particularly useful for the creation of stable transfectant 
cell lines expressing recombinant LRP5 . 

Anti-LRP5 Antibodies 
15 Western Blot Analysis 

Antisera prepared in rabbits immunized with the human 
LRP5 MAP peptides 

SYFHLFPPPPSPCTDSS 

VDGRQNI KRAKDDGT 
20 EVLFTTGLIRPVALWDN 

I QGHLDF VMD I LVFHS 
were evaluated by Western blot analysis. 

COS cells were infected with an adenovirus containing 
human LRP5 cDNA. Three days after the infection the cells 
25 were harvested by scraping into phosphate buffered saline 
(Gibco/BRL Gaithersburg, MD) containing the protease * 
inhibitors PMSF (lOOug/ml) , aprotinin (2 ug /ml) , and 
pepstatin A (1 ug/ml) . The cells were pelleted by a low speed 
spin, resuspended in phosphate buffered saline containing 
30 protease inhibitors and lysed by Dounce homogenization. 

Nuclei were removed with a low speed spin, 1000 rpm for 5 min 
in a Beckman J- 9 rotor. The supernatant was collected and 
centrifuged at high speed, 100,000 x g for 3 hours, to pellet 
the membranes. Membranes were resuspended in SDS- sample 
35 buff er (Novex, San Diego CA) . 

Membrane proteins were fractionated by electrophoresis on 
a 10% Tris-glycine acrylamide gel (Novex, San Diego CA) . The 
fractionated proteins were transferred to PVDF paper (Novex, 
San Diego CA) according to the manufacturer's instructions. 
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Standard Western blot analysis was performed on the membrane 
with the primary antibody being a 1:200 dilution of crude . 
antisera and the secondary antibody a 1:3000 dilution of 
antirabbit IgG HRP conjugate (Amersham, Arlington Heights, 
5 IL) . ECL reagents (Amersham, Arlington Heights, IL) were used 
to visualize proteins recognized by the antibodies present in 
the sera. 

A band of approximately 170-180 kD was detected by sera 
from a rabbit immunized with the peptide SYFHLFPPPPSPCTDSS. 

10 This band was only detected in the cells that were infected 
with the adenovirus containing human LRP5 and was not present 
in cells that were infected with a control virus. 
Furthermore, the detection of this 170 kD band was blocked by 
preadsorbing a 1:500 dilution of the sera with 0.1 ug/ml of 

15 the peptide SYFHLFPPPPSPCTDSS but not with 0.1 ug/ml of the 
peptide VDGRQNIKRAKDDGT. Therefore this protein band of 
approximately 170 kD detected by the antibody directed against 
the peptide SYFHLFPPPPSPCTDSS is human LRP5 . The predicted 
size of the mature human LRP5 protein is 176 kD. 

20 The antisera from a rabbit immunized with the peptide 

SYFHLFPPPPSPCTDSS was affinity purified with an Affigel 10 
column (BioRad, Hercules CA) to which the MAP peptide 
SYFHLFPPPPSPCTDSS was covalently attatched. This results in 
antisera with greater specificity for LRP5 . 

25 The antisera from a rabbit immunized with the peptide 

I QGHLD F VMD I L VFHS is able to detect a band of approximately 170 
kD that is present in cells infected with an LRP5 containing 
virus but not cells infected with a control virus. This 
antibody recognizes a peptide that is present in the putative 

30 extracellular domain of LRP5 and thus will be useful in 
detecting the soluble version of LRP5 . However, there is 
greater background observed when using this antisera relative 
to that from the rabbit immunized with the peptide ' 
SYFHLFPPPPSPCTDSS . 

35 

LRP5 is expressed in tissue macrophages 

The crude and affinity purified antisera to the LRP5 
peptide SYFHLFPPPPSPCTDSS was used for immunocytochemistry 
studies in human liver. The antibody recognized tissue 
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macrophages, termed Kupfer cells in the liver, that stained 
positive for LRP5 and positive for the marker RFD7 (Harlan 
Bioproducts, Indianapolis IN) which recognizes mature tissue 
phagocytes and negative for an MHC class II marker, RFD1 

5 (Harlan Bioproducts, Indianapolis IN) . This pattern of 
staining (RFD1 - RFD7+) identifies a subpopulation of 
macrophages, the effector phagocytes. This class of 
macrophages has been implicated in the progression of disease 
in a model for autoimmune disease, experimental autoimmune 

lOneuritis (Jung. S. et al . , 1993, J Neurol Sci 119: 195-202). 
The expression in phagocytic tissue macrophages supports a 
role for LRP3 in modulating the inflammatory component of the 
immune response. This result is consistent with the proposed 
role based on the differences observed in alkaline phoshatase 

15 levels in animals treated with LRP5 virus and the genetic data 
indicating that LRP5 is a diabetes risk gene. 

Determination of additional conserved regions of the LRP5 gene 
High throughput DNA sequencing of shotgun libraries 
20 prepared from mouse BAC clones 131-p-15 and 53-d-8 was used to 
identify regions of the LRP5 gene that are conserved between 
mouse and man. To identify these regions the mouse genomic 
DNA, either unassembled sequences or assembled cpntigs, was 
compared against an assembly of human genomic DNA. The 
25 comparison was done by using the BLAST algorithm with a 
cutoff of 80%. This analysis resulted in the identification 
of a majority of the exons of the LRP5 gene and identified a 
number of patches of conserved sequences at other locations in 
the gene (Table 12) . 
30 There are sequences conserved between human and mouse 

located 4.3 kb and 168 bp upstream of the putative ATG. These 
sequences may represent 5' untranslated sequences of the mRNA 
transcript or promoter elements. 

Within the putative first intron of 36 kb there are 
35 twelve patches that exhibit a degree of DNA sequence 

conservation. Some of these regions, e.g. 41707-41903, are 
quite extensive and have a high degreee of sequence 
conservation, similar to that observed for the exons of the 
LRP5 gene. Since these regions do not appear to be 
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transcribed it is likely that these conserved regions play a 
role in regulating either the transcription of the LRP5 gene 
or the processing of the LRP5 mRNA transcript. Regardless of 
exact nature of their role these newly identified regions 
5 represent areas where sequence polymorphism may affect the 
biological activity of LRP5. 

The BAC clone 131-p-15 which contains the first two exons 
of LRP5 was sequenced extensively, i.e. approximately 6X 
coverage. BAC clone 53-d-8 contains sequences from exon D to 

10 exon V, however the level of sequence coverage of this clone 
was only approximately IX (skim sequencing) . The skim 
sequencing of mouse BAC 53-d- 8 resulted in 76% of the exons 
being detected, however in some instances only a portion of 
an exon was present in the mouse sequence data. In addition 

15 to the exons, there were three patches in the BAC 53-d- 8 
sequences that exhibited a degree of sequence conservation 
with the human sequences (Table 12) . All of these were 
located in the large 20 kb intron between exons D and E. 
These sequences may represent regions that are important for 

20 the processing of this large intron and thus polymorphisms in 
these sequences may affect the expression level of LRP5. 

Determination of relative abundance of alternatively spliced 
LRP5 mRNA transcripts 
25 Several techniques may be used to determine the relative 

abundance of the different alternatively spliced isoforms of 
LRP5. 

Northern blot analysis of probes derived from specific 
transcripts is used to survey tissues for the abundance of a 

30 particular transcript. More sensitive techniques such as 
RNase protection assays will be performed. Reagents from 
commercially available kits (Ambion, Inc. Austin TX) are used 
to prepare probes. The relative abundance of transcript that 
hybridizes to a probe radiolabeled with [alpha] 32P-UTP is 

35 analyzed by native and denaturing acrylamide gels (Novex 
Inc., San Diego, CA) . Primer extension assays are performed 
according to established procedures (Sambrook et. al . (1989) 
Molecular Cloning, Cold Spring Harbour Press, NY) using 
reverse primers derived from the 5' portion of the transcript. 
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Isolation of other species homologs of LRP5 gene 

The LRP5 gene from different species, e.g. rat, dog, are 
isolated by screening of a cDNA library with portions of the 
gene that have been obtained from cDNA of the species of 

5 interest using PCR primers designed from the human LRP5 
sequence. Degenerate PCR is performed by designing primers of 
17-20 nucleotides with 32-128 fold degeneracy by selecting 
regions that code for amino acids that have low codon 
degeneracy e.g. Met and Trp. When selecting these primers 

10 preference is given to regions that are conserved in the 

protein e.g. the motifs shown in Figure 6b. PCR products are 
analyzed by DNA sequence analysis to confirm their similarity 
to human LRP5 . The correct product is used to screen cDNA 
libraries by colony or plaque hybridization at high 

15 stringency . Alternatively probes derived directly from the 
human LRP5 gene are utilized to isolate the cDNA sequence of 
LRP5 from different species by hybridization at reduced 
stringency. A cDNA library is generated as described above. 
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TABLE 1 

Haplotype analysis at D11S1917 (UT5620) - H0570POLYA, 
within 2582 families from UK, USA, Norway and Sardinia. 
20 Susceptible, protective and neutral alleles were identified at 
each polymorphism, and transmission of recombinant haplotypes 
to diabetic offspring was calculated (t=transmission, nt=non 
transmission) . Significant transmission of the haplotype 332- 
104 was detected (P=0.005), as well as significant non- 
25 transmission of the haplotype 328-103 (P=0.03). 



D11S1917 (UT5620) 


H0570POLYA 


t 


nt 


P 






328 


104 


539 


474 






Protective 


332 


103 


427 


521 


0. 


002 


30 Susceptible 


332 


104 


60 


33 


0 . 


005 


Protective 


328 


103 


16 


31 


0. 


03 
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TABLE 2 PCR Primers for obtaining LRP5 cDNA 
Primers located within LRP5 cDNA: 

The primers are numbered beginning at nucleotide 1 in Figure 
5 5(a) . 

IF (muex If ) : ATGGAGCCCGAGTGAGC 
218R (27R) : ATGGTGGACTCCAGCTTGAC 



256F (IF) : TTCCAGTTTTCCAAGGGAG 
265R (26R) : AAAACTGGAAGTCCACTGCG 
15 318R (4R) : GGTCTGCTTGATGGCCTC 
34 3F (2F) : GTGCAGAACGTGGTCATCT 
Vector Primers for RCCA 



361R (21R) : GTGCAGAACGTGGTCATCT 

622R (2R) : AGTCCACAATGATCTTCCGG 

25 638F (4F) : CCAATGGACTGACCATCGAC 

657R (1R) : GTCGATGGTCAGTCCATTGG 

956R (22R) : TTGTCCTCCTCACAGCGAG 



1713F (2 IF) : GGACTTCATCTACTGGACTG 
1481R (23R) : CAGTCTGTCCAGTACATGAG 
35 1981F (22F) : GCCTTCTTGGTCTTCACCAG 
2261F.(23F) : GGACCAACAGAATCGAAGTG 
2484R (5R) : GTCAATGGTGAGGTCGT 



10 



20 



30 
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2519F (5F) : ACACCAACATGATCGAGTCG 
3011F (24F)': ACAAGTTCATCTACTGGGTG 
531 54 F (25F): CGGACACTGTTCTGGACGTG 
3173R (25R) : CACGTCCAGAACAGTGTCCG 
3556R (3R) : TCCAGTAGAGATGCTTGCCA 

10 

Vector Primers for RCCA 
3577F (3F) : ATCGAGCGTGTGGAGAAGAC 
15 4094F (30F) : TCCTCATCAAACAGCAGTGC 
4173R (6R) : CGGCTTGGTGATTTCACAC 
4687F (6F) : GTGTGTGACAGCGACTACAGC 

20 

4707R (3 OR) : GCTGTAGTCGCTGTCACACAC 
5061R (7R) : GTACAAAGTTCTCCCAGCCC 
25 PCR primers in Sequences identified by GRAIL 
Gl IF: TCTTCTCCAGAGGATGCAGC 
Gl 2F: TTCGTCTTGAACTTCCCAGC 

30 

Gl 3F: TCTTCTTCTCCAGAGGATGCA 
Gpl IF: AGGCTGGTCTCAAACTCCTG 
35PBS.543R: GGGGATGTGCTGCAAGGCGA 
PBS . 5 7 8 R : CCAGGGTTTTCCCAGTCACGAC 
PBS . 8 3 8 F : TTGTGTGGAATTGTGAGCGGATAAC 
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Table 3 Intron-Exon Organization of Human LRP5 



3' Acceptor Sequence 
Intron Exon 


Exon 
Number 


Exon 
Size 
(bp) 


5' Donor Sequence 
Exon Intron 


Intron 
Number & 
Size (bp) 


ccgggtcaac/ATGGAG 


Ex 1(6) 


(91) 


CCGCGG/gtaggtgggc 


1 (35051) 


tgccccacag/CCTCGC 


Ex2 (A) 


(391) 


TCACGG/gtaaaccctg 


2 (9408) 


cccgtcacag/GTACAT 


Ex3 (B) 


(198) 


GTTCCG/gtaggtaccc 


3 (6980) 


ctgactgcag/GCAGAA 


Ex4 (C) 


(197) 


CTTTCT/gtgagtgccg 


4 (1640) 


gttttcccag/TCCACA 


Ex5 (D) 


(132) 


AGGCAG/gtgaggcggt 


5 (20823) 


gtctccacag/GAGCCG 


Ex6 (E) 


(397) 


GATGGG/gtaagacggg 


6 (3213) 


tcttctccag/CCTCAT 


Ex7 (F) 


(172) 


ATCGAG/gtgaggctcc 


7 (13445) 


cgtcctgcag/GTGATC 


Ex 8 (G) 


(217) 


TCGTCG/gtgagtccgg 


8 (2826) 


tcgcttccag/GAACCA 


Ex9 (H) 


(290) 


CTGAAG/gtagcgtggg 


9 (5000+) 


ctgctgccag/ACCATC 


Ex 10(1) 


(227) 


CAAGGG/gtaagtgttt 


10(1295) 


tgccttccag/CTACAT 


Ex 1 1 (J) 


(185) 


TGCTGG/gtgagggccg 


11 (2068) 


gttcatgcag/GTCAGG 


Ex 12 00 


(324) 


GCAGCC/gtaagtgcct 


12(2005) 


cctcctctag/CGCCCA 


Ex 13 0) 


(200) 


ACCCAG/gcaggtgccc 


13(6963) 


tntettaeaa /CCCTTT 


Ex 14 (M) 


(209) 


GCGAGG/gtaggaggcc 


14(1405) 


cctcccgcag/GTACCT 


Exl5(N) 


. (191) 


TGTCAG/gtaaggggcc 


15(686) 


ctgcttgcag/GGGCCA 


Exl6(0) 


(210) 


AGTTCT/gtacgtgggg 


16(3894) 


gtctttgcag/CAGCCC 


Exl7(P) 


(126) 


GTGGAG/gtaggtgtga 


17 (3903) 


cctcccccag/AGCCGC 


Exl8(Q) 


(237) 


GTGACG/gtgaggccct 


18(3042) 


tcccttgcag/CCATCT 


Exl9(R) 


(111) 


TGTGTG/gtgagccagc 


19(1448) 


tctctggcag/AAATCA 


Ex20(S) 


(237) 


TCACAG/gtaaggagcc 


20(1095) 


tccctgccag/GCATCG 


Ex21(D 


(140) 


CCGCCG/gtgaggggcg 


21 (6514) 


ctctcctcag/ATCCTG 


Ex22(U) 


(98) 


GTACAG/gtaggacatc 


22(2275) 


tccctttcag/GCCCTA 


Ex23(V) 


(>262) 




23(19985) 



SUBSTITUTE SHEET (RULE 26) 
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Table 4 page 1 of 7 



LRP-5 Exon primers 



Elxl If 
Elxl lfU 
Elxl lfR 
Elxl lr 
Elxl IrR 

Elx5 If 
Elx5 lfU 
Elx5 lr 
Elx5 IrR 

Elx6 lfU 
Elx6 IrR 

Elx6a lfU 
Elx6a IrR 

Elx6b lfU 
Elx6b IrR 

Elx6c lfU 
Elx6c IrR 

Elx6d lfU 
Elx6d IrR 

Elx6e lfU 
Elx6e IrR 

Elx6f lfU 
Elx6f IrR 

Elx6g lfU 
Elx6g IrR 

ElxA If 
ElxA lfU 
ElxA lfR 
ElxA lr 
ElxA IrR 

ElxB If 
ElxB lfU 
ElxB lfR 
ElxB lr 
ElxB IrR 



CAGGGTTTCATCCTTTGTGG 

TGTAAAACGACGGCCAGTCAGGGTTTCATCXrrTTGTGG 

GCTATGACCATGATTACGCCCAGGGTTTCATCCTTTGTGG 
TGACGGGAAGAGTTCCTCAG 

GCTATGACCATGATTACGCCTGACGGGAAGAGTTCCTCAG 
TCTGCTCITCCTGAACTGCC 

TGTAAAACGACGGCCAGTTCTGCTCTTCCTGAACTGCC 
TTGAGTCCTTCAACAAGCCC 

GCTATGACCATGATTACGCCTTOAGTCCTrCAACAAGCXrC 

TGTAAAACGACGGCCAGlTrCCrcACTCATAGAGGCTC 
GC TATG ACC ATG ATTACG CCG CTCCCAACTCG CCAAGT 

TGTAAAACGACGGCCAGTGGTCAACATGGAGGCAGC 
GCTATGACCATGATTACGCCCAGGTGTCAGTCOGCTTG 

TGTAAAACGACGGCCAGTGCAGAGAAGTTCTGAGC 
GCTATGACCATGATTACGCCCACTTGGCCAGCCATACTC 

TGTAAAACGACGGCCAGTCAAGCAAGCCTCTTGCTACC 
GCTATGACCATGATTACGCCACTGCAATGAGGTGAAAGGC 

TGTAAAACGACGGCCAGTCAGGTGAGAACAAGTGTCCG 
GCTATGACCATGATTACGCCGCTGCCTCCATGTTGACC 

tgtaaaacgacggccagttgtgcctgggtgagattct 
gc-tatgaccatgattacgcctgtggagcctctatgagtgg 

tgtaaaacgacggccagtgggtgacaggtggcagtag 
gctatgaccatgattacgccggaaggaaggacacttgagc 

TGTAAAACGACGGCCAGTCCTGGTGTGTTTGAGAACCC 
GCTATGACCATGATTACGCCCAATGGGAAGCCAGGCTAG 

ATCTTGCTGGCTTAGCCAGT 

TGTAAAACGACGGCCAGTATCTTGCTGGCTTAGCCAGT 

GCTATGACCATGATTACGCCATCTTGCTGGCTTAGCCAGT 
GCTCATGCAAATTCGAGAGAG 

GCTATGACCATGATTACGCCGCTCATGCAAATTCGAGAGAG 
CCTGTTGGTTATTTCCGATGG 

TGTAAAACGACGGCCAGTCCTGTTGGTTATTTCCGATGG 

gctatgaccatgattacgcccctgttXjGttatttccgatgg 
cctgagttaagaaggaacgcc 

gctatgaccatgattacgcccctcagttaagaaggaacgcc 



ElxC If 



AATTGGGTCAGCAGCAATG 
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Table A page 2 of 7 con't. 



CilXL 


1 f P 

X tlx 


EiXXL- 


Z t 


Pi vP 


9fII 
Z L W 




0 f R 


DIAL. 


1r 


PI yP 


I *rP 

II A 


Pi yP 


Z £ 


PI vP 
CilXL 




ElxD 


If 


CiXXIJ 


1 f P 

X tlx 


Pi vTi 


Z L 


CiJ-XJJ 


ZIU 


CjXXU 


Z EK 


ElxD 


lr 


ElxD 


IrR 


ElxD 


zr 


ElxD 


zrR 


T?1 vU 


1 -F 


ElxE 


lfU 


ElxE 


lfR 


ElxE 


lr 


ElxE 


lrK 


P1 vP 


1 f 

X JL 


ElxF 


lfU 


ElxF 


lfR 


ElxF 


lr 


ElXF 


lrK 


Pi vP 
C* IXb 


i f 

X J. 


Pi 


1 fTT 

XlU 


bixb 


1 f P 
X IK 


ElxG 


lr 


ElxG 


IrR 


ElXn 


it 


ElXri 


ill) 


fcilXxi 


UK 


ElxH 


lr 


ElxH 


IrR 


ElxH 


2r 


ElxH 


2rR 


Elxl 


If 


Elxl 


lfR 


Elxl 


2f 


Elxl 


2fU 


Elxl 


2fR 



GCTATGACCATGATTACGCCAATTGGGTCAGCAGCAATG 
AATTGGGTCAGCAGCAATG 

TCTAAAACGACGGCCAGTAATTGGGTCAGCAGCAATG 

GCTATGACCATGATTACGCCAATTGGGTCAGCAGCAATG 

TTGGATCGCTAGAGATTGGG 

GCTATGACCATGATTACGCCTTGGATCGCTAGAGATTGGG 
GCACCCTAATTGG CACTCA 

GCTATGACCATGATTACGCCGCACCXITAATTGGCACTCA 
TGACXHjTCCTCTTCTGGAAC 

GCTATGACCATGATTACGCCTGACGGTCCTCTTCTGGAAC 
CGAGGCAGGATGTGACTCAT 

TGTAAAACGACGGCCAGTCGAGGCAGGATGTGACTCAT 

GCTATGACCATGATTACGCCOGAGGCAGGATGTGACTCAT 

AGTGGATCATTTCGAACGG 

GCTATGACCATGATTACGCCAGTGGATCATTTCGAACGG 
CCAACTCAGCTTCCCGAGTA 

GCTATGACCATGATTACGCCCCAACTCAGCTTCCCGAGTA 
TGGCTGAGTATTTCCCTTGC 

TGTAAAACGACGGCCAGTTGGCTGAGTATTTCCCTTGC 

GCTATGACCATGATTACGCCTGGCTGAGTATTTCCCTTGC 

TTTAACAAGCCCTCCTCCG 

GCTATGACCATGATTACGCCTTTAACAAGCCCTCCTCCG 
CAACGCCAGCATCTACTGA 

TGTAAAACGACGGCCAGTCAACGCCAGCATCTACTGA 

GCTATGACCATGATTACGCCCAACGCCAGCATCTACTGA 

CAAATAGCAGAGCACAGGCA 

GCTATGACCATGATTACGCCCAAATAGGAGAGCACAGGCA 
TGAAGTTGCTGCTCTTGGG 

TGTAAAACGACGGCCAGTTGAAGTTGCTGCTCTTGGG 
GCTATGACCATGATTACGCCTGAAGTTGCTGCTCTTGGG 
CACTTCCTCCTCATGCAAGTC . . 

GCTATGACCATGATTACGCCCACTTCCTCCTCATGCAAGTC 
AGACTGGAGCCTCTGTGTTCG 

TGTAAAACGACGGCCAGTAGACTGGAGCCTCTGTGTTGG 

GCTATGACCATGATTACGCCAGACTGGAGCCTCTGTGTTCG 

TGTGTGTCTACCGGACTTGC 

GCTATGACCATGATTACGCCTGTGTGTCTACCGGACTTGC 

GAACAGAGGCAAGGTTTTCCC 

GCTATGACCATGATTACGCCGAACAGAGGCAAGGTTTTCCC 

AGAATCGCTTGAACCCAGG 

GCTATGACCATGATTACGCCAGAATCGCTTGAACCCAGG 
G CTGGTTCCTAA AATGTGGC 

TGTAAAACGACGGCCAGTGCTGGTTCCTAAAATGTGGC 
GCTATGACCATGATTACGCCGCTGGTTCCTAA AATGTGGC 
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Elxl lr CATACGAGGTGAACACAAGGAC 

Elxl IrR GCTATGACCATGATTACGCCCATACGAGGTGAACACAAGGAC 
ElxJ If TGAAGAGGTGGGGACAGTTG 

ElxJ lfR GCTATGACCATGATTACGCCTGAAGAGGTGGGGACAGTTG 
ElxJ 2f CTTGTGCCTTCCAGCTACATC 

ElxJ 2fU TGTAAAACGACGGCCAGTCTTGTGCCTTCCAGCTACATC 

ElxJ 2fR GCTATGACCATGATTACGCCCTTGTGCCTTCCAGCTACATC 

ElxJ lr AGTCCTGGCACAGGGATTAG 

ElxJ IrR GCTATGACCATGATTACGCCAGTCCTGGCACAGGGATTAG 

ElxJ 2r ATAACTGCAGCAAAGGCACC 

ElxJ 2rR GCTATGACCATGATTACGCCATAACTGCAGCAAAGGCACC 

ElxK If GCTTCAGTGGATCTTGCTGG 

ElxK lfU TGTAAAACGACGGCCAGTGCTTCAGTGGATCTIX3CTGG 

ElxK lfR GCTATGACCATGATTACGCCGCTTCAGTGGATCTTCCTGG 

ElxK lr TGTGCAGTGCACAACCTACC 

ElxK IrR GCTATGACCATGATTACGCCTGTGCAGTGCACAACCTACC 

ElxL If GTTGTCGAGTGGCGTGCTAT 

ElxL lfU TGTAAAACGACGGCCAGTGTTGTCGAGTGGCGTGCTAT 

ElxL lfR GCTATGACCATGATTACGCCGTTGTCGAGTGGCGTGCTAT 

ElxL lr AAAAGTCCTGTGGGGTCTGA 

ElxL IrR GCTATGACCATGATTACGCCAAAAGTCCTGTGGGGTCTGA 

ElxM If AGAAGTGTGGCCTCTGCTGT 

ElxM lfU TGTAAAACGACGGCCAGTAGAAGTGTGGCCTCTGCTGT 

ElxM lfR GCTATGACCATGATTACGCCAGAAGTGTGGCCTCTGCTGT 

ElxM lr GTGAAAGAGCCTGTGTTTGCT 

ElxM IrR GCTATGACCATGATTACGCCGTGAAAGAGCCTGTGTTTGCT 

ElxN If AGACCCTGCTTCCAAATAAGC 

ElxN lfU TGTAAAACGACGGCCAGTAGACCCTGCTTCCAAATAAGC 

ElxN lfR GCTAT GACCA TGATTACGCCAGACCCTGCTTCCAAATAAGC 

ElxN lr ACTCATTTTCTGCCTCTGCC -' . 

ElxN IrR GCTATGACCATGATTACGCCACTCATTTTCTGCCTCTGCC 

ElxO If TGGCAGTCCTGTCAACCTCT 

ElxO lfU TGTAAAACGACGGCCAGTTGGCAGTCCTGTCAACCTCT 

ElxO lfR GC TATG ACC ATG ATTACGCCTGGC AGTCCTGTCAA CCTCT 

ElxO lr CACACAGGATCTTGCACTGG 

ElxO IrR GCTATGACCATGATTACGCCCACACAGGATCTTGCACTGG 

ElxP If AGGGCCAGTTCTCATGAGTT 

ElxP. lfU TGTAAAACGACGGCCAGTAGGGCCAGTTCTCATGAGTT 

ElxP lfR GCTATGACCATGATTACGCCAGGGCCAGTTCTCATGAGTT 

ElxP lr GGGCAAAGGAAGACACAATC 

ElxP IrR GCTATGACCATGATTACGCCGGGCAAAGGAAGACACAATC 



ElxQ If 



CAACTTCTGCTTTGAAGCCC 
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ElxQ lfU 


TGTAAAACGACGGCCAGTCAACITCTGCITTGAAGCCC 


ElxQ 


lfR 


GCTATGACCATGATTACGCCCAACTTCTGCTTTGAAGCCC 


ElxQ lr 


GACAGACTTGGCAATCTCCC 


ElxQ 


IrR 


GCTATGACCATGATTACGCCGACAGACTTGGCAATCTCCC 


ElxR 


If 


TCTGCTCTCTGTTTGGAGTCC 


ElxR 


lfU 


TGTAAAACGACGGCCAGTTCTGCTCTCTG II 1GG AGTCC 


ElxR 


lfR 


GCTATGACCATGATTACGCCTCTGCTCTCTGTTTXjGAGTCC 


ElxR 


lr 


CCCTAAACTCCACGTTCCTG 


ElxR 


IrR 


GCTATGACCATGATTACGCCCCCTAAACTCCACGTTCCTG 


ElxS 


If 


GGG TTAATGTTGGCCACATC 


ElxS 


lfR 


GCTATGACCATGATTACGCCGGGTTAATGTTGGCCACATC 


ElxS 


2f 


TTGGCAGGGATGTGTTGAG 


ElxS 


2fU 


TGTAAAACGACGGCCAGTTTGGCAGGGATGTGTTGAG 


ElxS 


2fR 


GCTATGACCATGATTACGCCTTGGCAGGGATGTGTTGAG 


ElxS 


lr 


GTCTGCCACATGTGCAAGAG 


ElxS 


IrR 


GCTATGACCATGATTACGCCGTCTGCCACATGTGCAAGAG 


ElxT 


If 


tggtctgagtctcgtgggta 


ElxT 


lfU 


TGTAAAACGACGGCCAGTTGGTCTGAGTCTCGTGGGTA 


ElxT 


lfR 


GCTATGACCATGATTACGCCTGGTCTGAGTCTCGTGGGTA 


ElxT 


lr 


GAGGTGGATTTGGGTGAGATT 


ElxT 


IrR 


GCTATGACCATGATTACGCCGAGGTGGATTTGGGTGAGATT 


ElxU 


If 


AGCCCTCTCTGCAAGGAAAG 


ElxU 


lfU 


TGTAAAACGACGGCCAGTAGCCCTCTCTGCAAGGAAAG 


ElxU 


lfR 


GCTATGACCATGATTACGCCAGCCCTCTCTGCAAGGAAAG 


ElxU 


lr 


CAGAACGTGGAGTTCTGCTG 


ElxU 


IrR 


GCTATGACCATGATTACGCCCAGAACGTGGAGTTCTGCTG 


ElxV 


If 


TACCGAATCCCACTCCTCTG 


ElxV 


lfU 


TGTAAAACGACGGCCAGTTACCGAATCCCACTCCTCTG 


ElxV 


lfR 


GCTATGACCATGATTACGCCTACCGAATCCCACTCCTCTG 


ElxV 


2f 


CATGGTAGAGGTGGGACCAT - . 


ElxV 


2fU 


TGTAAAACGACGGCCAGTCATGGTAGAGGTGGGACCAT 


ElxV 


2fR 


GCTATGACCATGATTACGCCCATGGTAGAGGTGGGACCAT 


ElxV 


lr 


GATATCCACCTCTGCCCAAG 


ElxV 


IrR 


GCTATGACCATGATTACGCCGATATCCACCTCTGCCCAAG 


ElxV 


2r 


TTACAGGGGCACAGAGAAGC 


ElxV 


2rR 


GCTATGACCATGATTACGCCTTACAGGGGCACAGAGAAGC 
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57-1 If GCAACAGAGCAAGACCCTGT 

57-1 lfR GCTATGACCATGATTACGCCGCAACAGAGCAAGACCCTGT 
57-1 lr AAATTAGCCAGGCATGGTG 

57-1 IrR GCTATGACCATGATTACGCC AAATTAGCCAGGCATGGTG 
57-1 lfU TGTAAAACGACGGCCAGTGCAACAGAGCAAGACCCTGT 

57-2 If CCTGCAGAAGGAAACCTGAC 

57-2 lfR GCTATGACCATGATTACGCCCCTGCAGAAGGAAACCTGAC 

57-2 lr CTGCATCTTTGCCACCATG 

57-2 IrR GCTATGACCATGATTACGCCCTXjCATCTTTGCCACCATG 

57-2 lfU TGTAAAACGACGGCCAGTCCTGCAGAAGGAAACCTGAC 

57-3 If TTCCCAGGAGGCAAGTTATG 

57-3 lfR GCTATGACCATGATTACGCCTTCCCAGGAGGCAAGTTATG 

57-3 lr TGGGCTTAGGTGATCCTCAC 

57-3 IrR GCTATGACCATGATTACGCCTGGGCTTAGGTGATCCTCAC 

57-3 lfU TGTAAAACGACGGCCAGTTTCCCAGGAGGCAAGTTATG 

57-4 If ACCAAGCCCAACTAATCAGC 

57-4 lfR GCTATGACCATGATTACGCCACCAAGCCCAACTAATCAGC 

57-4 lr ATGCCTGTAATCCCAGCACT 

57-4 IrR GCTATGACCATGATTACGCCATGCCTGTAATCCCAGCACT 

57-4 lfU TGTAAAACGACGGCCAGTACCAAGCCCAACTAATCAGC 

57-5 If ACTGCAAGCCCTCTCTGAAC 

57- 5 lr CGAAGACTGCGAAACAGACA 

58- 1 If CTAGTGCCGTGCAGAATGAG 
58-1 lr GGCCACTGCAATGAGATACA 

58-2 If GAGAAACAGTTCCAGGGTGG 

58-2 lfR GCTATGACCATGATTACGCCGAGAAACAGTTCCAGGGTGG 

58-2 lr AAACTGAGGCTGGGAGAGGT 

58-2 IrR GCTATGACCATGATTACGCCAAACTGAGGCTGGGAGAGGT 

58-3 If TGTTCTTCCTCACAGGGAGG 

58-3 lfR GCTATGACCATGATTACGCCTGTrCTTCCTCACAGGGAGG 

58-3 lr TCCCCAAATCTGTCCAGTTC 

58-3 IrR GCTATGACCATGATTACGCCTOCCX^\AATCTGTCCAGTTC 

58-4 If CATACCTXXjAGGGATGCTTG 

58-4 lfR GCTATGACCATGATTACGCCCATACCTGGAGGGATGCTTG 

58-4 lr TAGGTTGCTGTGTGG CTTCA 

58-4 IrR GCTATGACCATGATTACGCCTAGGTTGCTGTGTGG CTTCA 



58-5 If CTTCTGACAAAGCAGAGGCC 

58-5 lfR GCTATGACCATGATTACGCCCTTCTGACAAAGCAGAGGCC 
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58-5 lr GCTGTTAGGGTTACCATCGC 

58-5 IrR GCTATGACCATGATTACGCCGCTGTTAGGGTTACCATCGC 

58-6 If CCACAGGGTGATATGCTGTC 

58-6 lfR GCTATGACCATGATTACGCCCCACAGGGTGATATGCTGTC 

58-6 lr CG CCTGG CTA CTTTGGTA CT 

58-6 IrR GCTATGACCATGATTACGCCCGCCKKjCTACTTTGGTACT 

58-7 If CCAAATGAACCTGGGCAAC 

58-7 lfR GCTATGACCATGATTACGCCCCAAATGAACCTGGGCAAC 

58-7 lr GTCTTGGCTCACTGCAACCT 

58-7 IrR GCTATGACCATGATTACGCCGTCTTGGCTCACTGCAACCT 

58-8 If GCCAAGACTGTGCTACTGCA 
58-8 lr CAGGGAGCAGATCTTACCCA 

58-9 If TGGGATTAACTAGGGAGGGG 

58-9 lfR GCTATGACCATGATTACGCCTGGGATTAACTAGGGAGGGG 

58-9 lr TGCTGCTGTCTCCATCTCTG 

58-9 IrR GCTATGACCATGATTACGCCTGCTGCTGTCTCCATCTCTG 

58-10 If ACAGACCAGCAGTGAAACCTG 

58-10 lfR GCTATGACCATGATTACGCCACAGACCAGCAGTGAAACCTG 

58-10 lr GTTCACTGCAACCTCTGCCT 

58-10 IrR GCTATGACCATGATTACGCCGTTCACTGCAACCTCTGCCT 

58-11 If GTTCTCGTAGATGCTTGCAGG 

58-11 lfR GCTATGACCATGATTACGCCGTTCTCGTAGATGCTTGCAGG 

•58-11 lr GAGGCAGGAGGATCACTTGA 

58-11 IrR GCTATGACCATGATTACGCCGAGGCAGGAGGATCACTTGA 

58-12 If TGAGCTGAGATCACACCGCT 

58-12 lfR GCTATGACCATGATTACGCCTGAGCTGAGATCACACCGCT 
58-12 lr AGTTGACACTTTGCTGGCCT 

58-12 IrR GCTATGACCATGATTACGCCAGTTGACACTTTGCTGGCCT 
58-13 If CTCTGCATGGCTTAGGGACA 

58-13 lfR GCTATGACCATGATTACGCCCTCTGCATGGCTTAGGGACA 
58-13 lr GGCTGCTCTCTGCATTCTCT 

58-13 IrR GCTATGACCATGATTACGCCGGCTGCTCTCTGCATTCTCT 
58-14 If CTGGCTTTACKjrTGCATTTCC 

58-14 lfR GCTATGACCATGATTACGCCCTGGCTTTAGCTTGCATTTCC 
58-14 lr TGCCTCAGTTTTCTCACCTGT 

58-14 IrR GCTATGACCATGATTACGCCTGCCTCAGTTTTCTCACCTGT 
58-15 If CAAACAGCCACTGAGCATGT 

58-15 lfR GCTATGACCATGATTACGCCCAAACAGCCACTGAGCATGT 
58-15 lr TCCTCCTG TAG ATGCCC AAG 
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58-15 IrR GCTATGACCATGATTACGCCTCCT(XTGTAGATGCCCAAG 
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Table 5 



LKF-5 exon SNPs 



pynn 


Polymorphism 


Amino Acid Change 


Location 


cxon E 


G to A 


Intronic 


10 bp 3' of exon E 


exon E 




none 


Phe331 f exonE 


cxon F 


G to A 


Intronic 


50 bp 5' of exon F 


exon G 


CtoT 


none 


Phe 518 , exonG 


exon I 


CtoT 


none 


Asn 7 ^ t exon I 


exon P 


CtoT 


Intronic 


82 bp 5* of exon P 


exon N 


CtoT 


none 


Asp 1068 , exon N 


exon N 


AtoG 


none 


Val 1088 exon N 


exon Q 


CtoT 


Alal»9 t0 val 


Ala 12 99 CX onQ 


exon U 


TtoC 


Val 1494 to Ala 


Val^ 4 , exon U 



SUBSTITUTE SHEET (RULE 26) 



WO 98/46743 




PCT/GB98/01102 



109 



Table 6 

SNP's Identified in the IDDM 4 Locus 
List of PCR Fragments and available RFLP Sites for Analysis: 



pCR Product 


SNP 


Location 


Enzvme 


Contic 57 








57-1 


a/t 


13363 


none 


57-1 


a/g 


13484 


Bst XI 


57-2 


a/g 


14490 


none 


57-2 


a/g 


14885 


none 


57-3 


c/g 


18776 


Maell 


57-3 


i/c 


18901 


Msp I 


57-3 


a/g 


19313 


AflD 


57-4 


22T/25T 


20800 


none 


57-5 


g/a 


23713 


Msp I 


Conti? 58 








58-15 


c/t 


3015 


none 


58-14 


e/c 


3897 


Pfl MI 


58-13 


c/c 


5574 


EcoNl 


58-12 


t/g 


6051 


none 


58-11 


a/e 


8168 


none 


58-10 




8797 


none 


58-9 


g/t 


9445 


none 


58-9 


c/t 


9718 


none 


58-8 


insert T 


10926 


PstI 


58-7 


t/a 


11449 


Bst XI 


58-7 


tic 


1 1468 


none 




t/c 


11878 


none 


58-6 


g/a 


12057 


none 


58-6 


a/g 


12180 


Hgal 


58-5 


c/t 


14073 


none 


58-4 


a/g 


15044 


MaeD 


58-4 


t/c 


15354 


none 


58-3 


insert G 


16325 


none 


58-2 


g/a 


17662 


none 


58-1 


g/t 


18439 


Bglfl 
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SNP primers 



57-1 If GCAACAGAGCAAGACCCTGT 

57-1 lfR GCTATGACCATGATTACGCCGCAACAGAGCAAGACCCTGT 

57-1 lr AAATTAGCCAGGCATGGTG 

57-1 IrR GCTATGACCATGATTACGCCAAATTAGCCAGGCATGGTG 

57-1 lfU TGTAAAACGACGGCCAGTGCAACAGAGCAAGACCCTGT 

57-2 If CCTGCAGAAGGAAACCTGAC 

57-2 lfR GCTATCACCATGATTACGCCCCTGCAGAAGGAAACCTGAC 

57-2 lr CTGCATCTTTGCCACCATG 

57-2 IrR GCTATGACCATGATTACGCCCTGCATCTTTGGCACCATG 

57-2 lfU TCTAAAACGACGGCCAGTCCTGCAGAAGGAAACCTGAC 

57-3 If TTCCCAGGAGGCAAGTTATG 

57-3 lfR GCTATGACCATGATTACGCCTTCCCAGGAGGCAAGTTATG 

57-3 lr TGGGCTTAGGTGATCCTCAC 

57-3 IrR GCTATGACCATGATTACGCCTGGGCTTAGGTGATCCTCAC 

57-3 lfU TGTAAAACGACGGCCAGlTTCCCAGGAGGCAAGTTATG 

57-4 If ACCAAGCCCAACTAATCAGC 

57-4 lfR GCTATGACCATGATTACGCCACCAAGCCCAACTAATCAGC 

57-4 lr ATGCCTGTAATCCCAG CACT 

57-4 IrR GCTATGACCATGATTACGCCATGCCTGTAATCCCAGCACT 

57-4 lfU TGTAAAACGACGGCCAGTACCAAGCCCAACTAATCAGC 

57-5 If ACTGCAAGCCCTCTCTGAAC 

57- 5 lr CGAAGACTGCGAAACAGACA 

58- 1 If CTAGTGCCGTGCAGAATGAG 
58-1 lr GGCCACTGCAATGAGATACA 

58-2 If GAGAAACAGTTCCAGGGTGG 

58-2 lfR GCTATGACCATGATTACGCCGAGAAACAGTTCCAGGGTGG 

58-2 lr AAACTGAGGCTGGGAGAGGT 

58-2 IrR GCTATGACCATGATTACGCCAAACTGAGGCTGGGAGAGGT 

58-3 If TGTTCTTCCTCACAGGGAGG 

58-3 lfR GCTATGACCATGATTACGCCTGTTCTIXXTCACAGGGAGG 

58-3 lr TCCCCAAATCTGTCCAGTTC 

58-3 IrR GCTATGACCATGATTACGCCTCCCCAAATCTGTCCAGTTC 

58-4 If CATACCTGGAGGGATGCTTG 

58-4 lfR GCTATGACCATGATTACGCCCATACCTGGAGGGATGCTTG 

58-4 lr. TAGGTTG CTGTX3TGG CTTGA 

58-4 IrR GCTATGACCATGATTACGCCTAGGTTGCTGTGTGGCTTCA 

58-5 If CTTCTG AGAAAG CAG AGGCC 

58-5 lfR GCTATGACCATGATTACGCCCTTCTGACAAAGCAGAGGGC 
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CD 
DO 


-C 1 v* 


CO 
DO 




58 


-6 If 


58 


-6 lfR 


CO 
JO 


D XX 


58 


-6 lrR 


CO. 

JO' 


-7 If 
— / X Jl 


CD. 
JO 


— / X LX\ 


CO, 

jo 


/ XX 


58 


-7 lrR 


CD 

JO 


_ O 1 -f 

-o 11 


C Q 
DO 


D 1 v* 

-*o XX 


58- 


-9 If 


58- 


-9 lfR 


c o 
bo* 


-y xr 


c o 
bo* 


-y lrn 


58* 


-10 If 


58- 


-10 lfR 


bo* 


-xu xr 


DO' 


-xu xrK 


58 


-11 If 


58- 


-11 lfR 


So- 


-XX J.I 


c o 
58' 


-11 irK 


58- 


-12 If 


58- 


-12 lfR 


58- 


-12 lr 


58- 


-12 lrR 


58- 


-13 If 


58- 


-13 lfR 


58-13 lr 


58 


-13 lrR 


58-14 If 


58- 


-14 lfR 


58 


-14 lr 


58 


-14 lrR 


58 


-15 If 


58 


-15 lfR 


58 


-15 lr 



GCTGTTAGGGTTACCATCGC 

GCTATGACCATGATTACGCCGCTGTTAGGGTTACCATCGC 
CCACAGGGTGATATGCTGTC 

GCTATCACCATCATTACGCCCXACAGCKJIXjATATGCrGTC 

CGCCnX3GCTACTTTGGTACT 

GCTATGACCATGATTACGCCCXjCCTGGCTACTTTGGTACT 

OCAAATGAACCTGGGCAAC 

GCTATGACCATGATTACGCCCCAAATGAACCTGGGCAAC 
GTCTTGGCTCACTGCAACCT 

GCTATGACCATGATTACGCCGTCTIXXXTCACTGCAACCT 

GCCAAGACTGTGCTACTGCA 
CAGGGAGCAGATCTTACCCA 

TGGGATTAACTAGGGAGGGG 

GCTATGACCATGATTACGCCTGGGATTAACTAGGGAGGGG 
TG CTGCTGTCTCC ATCTCTG 

GCTATGACCATGATTACGCCTGCTGCTGTCTCCATCTCTG 
ACAGACCAGCAGTGAAACCTG 

GCTATCACCATGATTACGCCACAGACCAGCAGTGAAACCTG 
GTTCACTGCAACCTCTGCCT 



GTTCTCGTAGATGCTTGCAGG 

GCTATGACCATGATTACGCCGTTCTCGTAGATGCTTGCAG< 
GAGGCAGGAGGATCACTTGA 

GCTATGACCATGATTACGCCGAGGCAGGAGGATCACTTG/ 
TGAGCTGAGATCACACCGCT 

GCTATCACCATCATTACGCCTCAGCIX3AGATCACAOCGCT 

AGTTOACACTTTGCTGGCCT : 
GCTATGACCATGATTACGCCAGTTGACACTTTGCTGGCCT 

CTCTGCATGGCTTAGGGACA 

GCTATGACCATGATTACGCCCTCTGCATGGCTTAGGGACA 
GGCTGCTCTCTOCATTCTCT 

GCTATGACCATGATTACGCC^KKTTGCTCTCTGCATTGTCT 
CTGGCTTTAGCTTGCATTTCC ' 

GCTATGACCATGATTACGCCCTGGCTTTAGCTTGCATTTCC 
TGCCTCAGiTTTCTCACCTGT 



CAAACAG CCACTG AGCATGT 

GCTATGACCATGATTACGCCCAAACAGCCACTC AGCATGT 
TCCTXXnXJTAGATGCCCAAG 
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58-15 IrR GCTATGACCATGATTACGCCTCXTCXTGTAGATGCXXAAG 
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TABLE 8 

Primers designed by microsatellite rescue for genotyping and restriction mapping of 
the IDDM4 region on chromosome 1 lql3. The other primers used are published, 
and are also in the Genome Database. 

255CA3F GCCGAGAATTGTCATCTTAACT 
255CA3R GGATTGAAAGCTGCAAACTACA 

255CA5F GGAGCCACCACATCCAGTTA 
255CA5R TGGAGGGATTGCTTGAGG 

255CA6F AGGTGTACACCACCATGCCT 
255CA6R TGGTGCCAATTATTGCTGC 

14LCA5F AGATCTTATACACATGTGCGCG 
14LCA5R AGGTGACATCACTTACAGCGG 

L15CA1F ATTACCCAGGCATGGTGC 
L15CA1R CAGGCACTTCTTCCAGGTCT 

1 80 1 8 ACF AGGGTTACACTGGAGTTTGC 

1 801 8ACR AAACCTTCAATGTGTTCATTAAAAC 

E0864CAF TCAACTTTATTGGGGGTTTA 
E0864CAR AAGGTAAAAGTCCAAAATGG 

H0570POLYAF GGACAGTCAGTTATTGAAATG 
H0560POLYAR TTTCCTCTCTGGGAGTCTCT 

E0864CA was obtained from the cosmid E0864 

H0570POLYA was obtained from the cosmid H0570 

255CA5, 255CA3 and 255CA6 were obtained from the PAC255_m_19 

14LCA5 and L15CA1 were obtained from the BAC 14_1_15 

18018AC was obtained from the PAC 18 o 18 
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TABLE 9 PCR Primers for obtaining LRP-3 cDNA 

A.) Primers located within humanLRP-3 cDNA: 

The primers are numbered beginning at nucleotide 1 in Fig. 17 (a) 

IF (muex If) 

ATGGAGCCCGAGTGAGC 
200f 

TCAAGCTGGAGTCCACCATC 
218R (27R) 

ATGGTGGACTCCAGCTTGAC 
256F (IF) 

TTCCAGTTTTCCAAGGGAG 
265R (26R) 

AAAACTGGAAGTCCACTGCG 
318R(4R) 

GGTCTGCTTGATGGCCTC 
343F (2F) 

GTGCAGAACGTGGTCATCT 
361R (21R) 

GTGCAGAACGTGGTCATCT 
622R (2R) 

AGTCCACAATGATCTTCCGG 
638F (4F) 

CCAATGGACTGACCATCGAC 
657R (1R) 

GTCGATGGTCAGTCCATTGG 
936f 

CACTCGCTGTGAGGAGGAC 
956R (22R) 

TTGTCCTCCTCACAGCGAG 
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1040f(51f) 

ACAACGGCAGGACGTGTAAG 
1174f(40f) 

ATTGCCATCGACTACGACC 
1277f (52f) 

TGGTCAACACCGAGATCAAC 
1333f 

AACCTCTACTGGACCGACAC 
1462f (41f) 

CTCATGTACTGGACAGACT 
1481R (23R) 

CAGTCTGTCCAGTACATGAG 
1607f (50f) 

GAGACGCCAAGACAGACAAG 
1713F (21F) 

GGACTTCATCTACTGGACTG 
1732r (40r) 

CAGTCCAGTAGATGAAGTCC 
1904r (k275r) 

GTGAAGAAGCACAGGTGGCT 
1960r 

TCATGTCACTCAGCAGCTCC 
1981F (22F) 

GCCTTCTTGGTCTTCACCAG 
2261F (23F) 

GGACCAACAGAATCGAAGTG 
2484R (5R) 

GTCAATGGTGAGGTCGT 
2519F (5F) 

ACACCAACATGATCGAGTCG 
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TABLE 9 (Continued - Page 3 of 7) 



2780r 

CCGTTGTTGTGCATACAGTC 
301 IF (24F) 

ACAAGTTCATCTACTGGGTG 
3154F (25F) 

CGGACACTGTTCTGGACGTG 
3173R(25R) 

CACGTCCAGAACAGTGTCCG 
3556R (3R) 

TCCAGTAGAGATGCTTGCCA 
3577F (3F) 

ATCGAGCGTGTGGAGAAGAC 
385 lr 

GTGGCACATGCAAACTGGTC 
4094F (30F) 

TCCTCATCAAACAGCAGTGC 
4173R (6R) 

CGGCTTGGTGATTTCACAC 
4687F (6F) 

GTGTGTGACAGCGACTACAGC 
4707R (30R) 

GCTGTAGTCGCTGTCACACAC 
5061R (7R) 

GTACAAAGTTCTCCCAGCCC 

3' end with Xbal site 
5069r 

GCTCTAGAGTACAAAGTTCTCCCAGCCC 

Soluble/HSV/His primers 
HLRP3_His_primerl (4203r) 

ATCCTCGGGGTCTTCCGGGGCGAGTTCTGGCTGGCTACTGCTGTGGGCCGGGCT 
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TABLE 9 (Continued - Page 4 of 7) 



HLRP3_His_primer2 

TGGATATCTCAGTGGTGGTGGTGGTGGTGCTCGACATCCTCGGGGTCTTCCGG 
G 

HLRP3_5'_primer (49f) 

TAGAATTCGCCGCCACCATGGAGGCAGCGCCGCCC 
B.) Mouse Lrp-3 cDNA primers. 

The primers are numbered beginning at nucleotide 1 in Figure 18(a). 

13f (mulrp3 5f) 
GAGGCGGGAGCAAGAGG 

68f (MucD If) 

GC Hind 3 CATGGAGCCCGAGTGAGC 
69f (muex If) 

ATGGAGCCCGAGTGAGC 
83r (muex lr) 

TCACTCGGGCTCCATGG 
171f (MucD 2f) 

TGCTGTACTGCAGCTTGGTC 

300f (MucD 10F) 
ATGCAGCTGCTGTAGACTTCC 

378r (mulrp3 3r) 
GTCTGTTTGATGGCCTCCTC 

414r (MucD 7R) 
ATGTTCTGTGCAGCACCTCC 

445r (mulrp3 4r) 
GCCATCAGGTGACACGAG 

536f (MucD 11F) 
AAGGTTCTCTTCTGGCAGGAC 

61 9r (MucD 12R) 
CCAGTCAGTCCAGTACATG 
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TABLE 9 (Continued - Page 5 of 7) 



714f (museq If) 

TCGACCTGGAGGAACAGAAG 

752f (mulrpAb If) 
AAGCTCAGCTTCATCCACCG 

765r (MucD 8R) 
ATGAAGCTGAGCTTGGCATC 

91 5f (MucD 12F) 

AGCAGAGGAAGGAGATCCTTAG 
957r (MucD 9R) 

TCCATGGGTGAGTACAGAGC 

1105r (museq lr) 
ATTGTCCTGCAACTGCACAC 

1232f (MucD 13F) 
GCCATTGCCATTGACTACG 

1254r (MucD 10R) 
GGATCGTAGTCAATGGCAATG 

1425f (MucD 14F) 
GAATTGAGGTGACTCGCCTC 

1433r (MucD 18R) 
CCTCAATTCTGTAGTGCCTG 

1501f (muxt4f) 
TGTGTTGCACCCTGTGATG 

1579r(MucD 11R) 
ATCTAGGTTGGCGCATTCG 

1610r (MucD 13R) 
AGGTGTTCACCAGGACATG 

1710r (mulrpAb lr) 

GCGAGCTCCCGTCTATGTTGATCACCTCG 

1868f (MucD 3f) 
GACCTGATGGGACTCAAAGC 
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TABLE 9 (Continued - Page 6 of 7) 



2062r (MucD 2r) 
GCTGGTGAATACCAGGAAGG 

2103f (MucD 4f) 
ACGATGTGGCTATCCCACTC 

2422r (MucD 14R) 
AGTAGGATCCAGAGCCAGAG 

261 9f (MucD 5f) 
AGCGCATGGTGATAGCTGAC 

271 8r (MucD 3r) 
CGTTCAATGCTATGCAGGTTC 

2892f (MucD 15F) 
GTGCTTCACACTACACGCTG 

2959f(MucD6f) 
CAGCCAGAAATTTGCCATC 

321 8r (MucD 4r) 
TCCGGCTGTAGATGTCAATG 

3237f (MucD 7f) 

AGGCCACCAACACTATCAATG 

3348r (MucD 52R) 
TACCCTCGCTCAGCATTGAC 

3554f (MucD 8£) 
CTGGAAGATGCCAACATCG 

3684r (MucD 5r) 
TGAACCCTAGTCCGCTTGTC 

3848f (MucD 18F) 
CTGCAGAACCTGCTGACTTG 

3973f (MucD 19F) 
CCAGAGTGATGAAGAAGGCTG 

3981r (MucD 15R) 
TCACTCTGGTCAGCACACTC 
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TABLE 9 (Continued - Page 7 of 7) 



4079f (MucD 16F) 
CAGGATCGCTCTGATGAAGC 

4105r (MucD 53R) 
GCAGTTAGCTTCATCAGAGCG 

4234f(MucD 9f) 
ACCCTCTGATGACATCCCAG 

4270r (MucD 16R) 
AATGGCACTGCTGTGGGC 

4497r (MucD 6r) 
AGGCTCATGGAGCTCATCAC 

4589r (MucD 54R) 
ATAGTGTGGCCTTTGTGCTG 

4703f (MucD 17F) 
GTCATTCGAGGTATGGCACC 

4799r (MucD 17R) 
GGTAGTATTTGCTGCTCTTCC 

5114r (MucD lr) 

GC Xba I AAAGTTTCCCAGCCCTGCC 

Soluble/adeno primers 

3554f(MsolF) 

CTGGAAGATGCCAACATCG 
4264r (MHisR) 

GCTCTAGACTAGTGATGGTGATGGTGATGACTGCTGTGGGCTGGGATGTCATC 
AGAGGGTGG 
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Table 10 Summary of Serum Chemistry Comparison of LRP3 treatment vs 
control 





Mouse 


Treatment 


D-valup 

fj vaiuc 


Variable 


Type 


(%diff± 


(Treatment) 






SE) 




triglycerides 


WT+KO 


-30± 14 


0.025 


alkaline 


WT+KO 


-49± 15 


0.001 


phosphatase* 








total 


KO only 


-28± 15 


0.073 


cholesterol 








total 


WT only 


30±13 


0.080 


cholesterol 








AST* 


WT+KO 


8± 66 


0.912 


ALT* 


WT+KO 


-34± 51 


0.431 


BUN 


WT+KO 


-19± 15 


0.195 



# statistically significantly higher baseline values for controls. 
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Table 1 2 Regions of 
Sequence Similarity 
Between Human and 
Mouse LRP-3 



Location in Human Nucleotide Percent 

Sequence Length Identity 

Contig 31 

20235-20271 37 86 

24410-24432 23 86 

24464-24667 204 82 

24904-24995 52 82 

25489-25596 108 81 

26027-26078 52 80 

26192-26261 70 84 

26385-26486 102 87 

28952-28993 42 85 

41707-41903 197 90 

42827-42898 66 81 

43468-43585 117 85 

50188-50333 146 86 

54455-54494 40 80 

54718-54750 33 87 

59713-60123 411 87 

78536-78680 145 80 

87496-87548 53 88 

87598-87717 120 84 

90772-90819 48 85 

99457-99795 339 83 

103094-103281 188 83 

116659-116954 296 81 

119754-120089 336 83 
Contig 30 

8920-9256 337 89 

11238-11353 116 84 

18394-18648 255 80 

20020-20224 205 84 

20926-21153 228 83 

24955-25155 201 82 

29126-19288 163 74 

33874-34033 160 85 

35205-35340 136 86 

41911-41911 55 80 

44629-44681 53 73 
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BLAST Exon 
Score Name 
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88 
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WHAT IS CLAIMED IS: 

1. An isolated nucleic acid molecule encoding a polypeptide 
which includes the amino acid sequence shown in Figure 5(e) 

5 

2. A nucleic acid molecule according to claim 1 wherein the 
polypeptide includes the amino acid sequence shown in Figure 
5(c). 

10 3. A nucleic acid molecule according to claim 2 including 
the coding sequence shown in Figure 5 (a) . 

4. An isolated nucleic acid molecule encoding a polypeptide 
and which hybridizes under stringent conditions to nucleic 

15 acid according to claim 3 . 

5. An isolated nucleic acid molecule encoding a polypeptide 
which is a mutant, allele, variant or derivative of the amino 
acid sequence of Figure 5(e) or Figure 5(c), by way of 

20 addition, deletion, insertion and/or substitution of one or 
more amino acids. 

6. A nucleic acid molecule according to claim 5 wherein said 
polypeptide includes the amino acid sequence of a polypeptide 

25 selected from that shown in Figure 11(c), Figure 12(d) and 
Figure 18 (c) . 

7. A nucleic acid molecule according to claim 6 including a 
coding sequence selected from the nucleotide sequences shown 

30 in Figure 1Kb), Figure 12(d), Figure 13, Figure 14, Figure 
15 (a) and Figure 18 (b) . 

8 . A nucleic acid molecule according to claim 7 wherein the 
coding sequence is that shown in Figure 11 (b) , included within 

35a molecule which has the sequence shown in Figure 11(a) . 



9. An isolated nucleic acid molecule including the sequence 
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of a nucleic acid molecule according to any preceding claim 
with an alteration which is associated with IDDM. 



10. An isolated nucleic acid molecule including the sequence 



5 of a nucleic acid molecule according to any of claims 1 to 8 
with an alteration shown in Table 5 or Table 6. 

11. An oligonucleotide fragment of a nucleic acid molecule 
according to any preceding claim of at least about 14 

10 nucleotides . 

12. An oligonucleotide with a sequence shown in any of Tables 
2, 4, 7, 8 and 9. 

15 13 . An isolated nucleic acid molecule including a LRP-5 gene 
promoter. 

14. A nucleic acid molecule according to claim 13 including a 
promoter, the promoter including the sequence or nucleotides 

20 shown in Figure 12(e) or Figure 15(b). 

15. An isolated polypeptide including the amino acid sequence 
shown in Figure 5 (e) . 

25 16 . A polypeptide according to claim 15 including the amino 
acid sequence shown in Figure 5(c). 

17. An isolated polypeptide which is an amino acid sequence 
mutant, variant, allele or derivative of the amino acid 

30 sequence of Figure 5(e) or Figure 5(c), by way of addition, 
deletion, insertion and/or substitution of one or more amino 
acids. 

18. A polypeptide according to claim 17 wherein said 

35 polypeptide includes the amino acid sequence of a polypeptide 
selected from that shown in Figure 11(c), Figure 12(d) and 
Figure 18 (c) . 
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19. A fragment of a polypeptide according to any of claims 15 
to 18 including at least 5 contiguous amino acids of an amino 
acid sequence selected from the amino acid sequences of Figure 
5(c), Figure 11(c), Figure 12(d) and Figure 18(c). 

5 

20. A fragment according to claim 19 which has an amino acid 
sequence selected from: 

SYFHLFPPPPSPCTDSS , 
VDGRQNI KRAKDDGT , 
10 EVLFTTGLIRPVALVVDN, and 

I QGHLDFVMD I LVFHS . 

21. A fragment according to claim 19 which includes the LRP5 
extracellular domain. 

15 

22. A fragment according to claim 19 which includes the LRP5 
cytoplasmic domain. 

23. A method of production of a polypeptide according to any 
20 of claims 15 to 18 which includes expression of the 

polypeptide from encoding nucleic acid. 

24 . A method according to claim 23 further including 
isolating and/or purifying the polypeptide. 

25 

25. A method according to claim 23 or claim 24 further 
including formulating the polypeptide into a composition which 
includes at least one additional component. 

30 26. A composition including a polypeptide according to any of 
claims 15 to 18 and a pharmaceutically acceptable excipient. 

27. A method of production of a fragment according to any of 
claims 19 to 22 which includes expression of the fragment from 
35 encoding nucleic acid. 



28. A method according to claim 27 further including 
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isolating and/or purifying the polypeptide. 



29. 



A method according to claim 27 or claim 28 further 



including formulating the polypeptide into a composition which 
5 includes at least one additional component. 

30. A composition including a fragment of a polypeptide 
according to any of claims 19 to 22, or a functional mimetic 
thereof, and a pharmaceutically acceptable excipient . 

10 

31. A composition including a nucleic acid molecule according 
to any of claims 1 to 10 and a pharmaceutically acceptable 
excipient . 

15 32. An isolated antibody specific for a polypeptide according 
to any of claims 15 to 18 . 

33. An isolated antibody according to claim 32 which binds an 
amino acid sequence selected from: 
20 SYFHLFPPPPSPCTDSS , 



25 34. A composition including an antibody according to claim 32 
or claim 33 and a pharmaceutically acceptable excipient. 

35. A method for determining if an individual is susceptible 
to IDDM, comprising determining if a nucleic acid selected 
30 from the group consisting of the nucleic acids shown in Figure 
5(e), Figure 5(c), Figure 5(a), Figure 11(b), Figure 12(d), 
Figure 13, Figure 14, Figure 15(a) and Figure 15(b) hybridizes 
with a sample of the individual's DNA. 



VDGRQNI KRAKDDGT , 
EVLFTTGLIRPVALWDN, and 
I QGHLDF VMD I LVFHS . 



35 36. A method including determining the presence or absence in 
a test sample of a nucleotide sequence selected from those of 
the nucleic acid molecules according to any of claims 1 to 10 . 
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36. Use of a polypeptide according to any of claims 15 to 18, 
or nucleic acid encoding a said polypeptide in the manufacture 
of a medicament for reducing triglyceride levels in serum of 
an individual . 

5 

37. A method of reducing triglyceride levels in serum of an 
individual, the method including administering to the 
individual a polypeptide according to any of claims 15 to 18 , 
or nucleic acid encoding a said polypeptide. 
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Figure 5(a) 



ATGGAGCCCGAGTGAGCGCGGCGCGGGCCCGTCCGGCCGCCGGACAACATGGAGG 

CAGCGCCGCCCGGGCCGCCGTGGCCGCTGCTGCTGCTGCTGCTGCTGCTGCTGGCG 

CTGTGCGGCTGCCCGGCCCCCGCCGCGGCCTCGCCGCTCCTGCTATTTGCCAACCG 

CCGGGACGTACGGCTGGTGGACGCCGGCGGAGTCAAGCTGGAGTCCACCATCGTG 

GTCAGCGGCCTGGAGGATGCGGCCGCAGTGGACTTCCAGTTTTCCAAGGGAGCCGT 

GTACTGGACAGACGTGAGCGAGGAGGCCATCAAGCAGACCTACCTGAACCAGACG 

GGGGCCGCCGTGCAGAACGTGGTCATCTCCGGCCTGGTCTCTCCCGACGGCCTCGC 

CTGCGACTGGGTGGGCAAGAAGCTGTACTGGACGGACTCAGAGACCAACCGCATC 

GAGGTGGCCAACCTCAATGGCACATCCCGGAAGGTGCTCTTCTGGCAGGACCTTGA 

CCAGCCGAGGGCCATCGCCTTGGACCCCGCTCACGGGTACATGTACTGGACAGACT 

GGGGTGAGACGCCCCGGATTGAGCGGGCAGGGATGGATGGCAGCACCCGGAAGAT 

CATTGTGGACTCGGACATTTACTGGCCCAATGGACTGACCATCGACCTGGAGGAGC 

AGAAGCTCTACTGGGCTGACGCCAAGCTCAGCTTGATCCACCGTGCCAACCTGGAC 

GGCTCGTTCCGGCAGAAGGTGGTGGAGGGCAGCCTGACGCACCCCTTCGCCCTGAC 

GCTCTCCGGGGACACTCTGTACTGGACAGACTGGCAGACCCGCTCCATCCATGCCT 

GCAACAAGCGCACTGGGGGGAAGAGGAAGGAGATCCTGAGTGCCCTCTACTCACC 

CATGGACATCCAGGTGCTGAGCCAGGAGCGGCAGCCTTTCTTCCACACTCGCTGTG 

AGGAGGACAATGGCGGCTGCTCCCACCTGTGCCTGCTGTCCCCAAGCGAGCCTTTC 

TACACATGCGCCTGCCCCACGGGTGTGCAGCTGCAGGACAACGGCAGGACGTGTA 

AGGCAGGAGCCGAGGAGGTGCTGCTGCTGGCCCGGCGGACGGACCTACGGAGGAT 

CTCGCTGGACACGCCGGACTTTACCGACATCGTGCTGCAGGTGGACGACATCCGGC 

ACGCCATTGCCATCGACTACGACCCGCTAGAGGGCTATGTCTACTGGACAGATGAC 

GAGGTGCGGGCCATCCGCAGGGCGTACCTGGACGGGTCTGGGGCGCAGACGCTGG 

TCAACACCGAGATCAACGACCCCGATGGCATCGCGGTCGACTGGGTGGCCCGAAA 

CCTCTACTGGACCGACACGGGCACGGACCGCATCGAGGTGACGCGCCTCAACGGC 

ACCTCCCGCAAGATCCTGGTGTCGGAGGACCTGGACGAGCCCCGAGCCATCGCACT 

GCACCCCGTGATGGGCCTCATGTACTGGACAGACTGGGGAGAGAACCCTAAAATCG 

AGTGTGCCAACTTGGATGGGCAGGAGCGGCGTGTGCTGGTCAATGCCTCCCTCGGG 

TGGCCCAACGGCCTGGCCCTGGACCTGCAGGAGGGGAAGCTCTACTGGGGAGACG 

CCAAGACAGACAAGATCGAGGTGATCAATGTTGATGGGACGAAGAGGCGGACCCT 

CCTGGAGGACAAGCTCCCGCACATTTTCGGGTTCACGCTGCTGGGGGACTTCATCT 

ACTGGACTGACTGGCAGCGCCGCAGCATCGAGCGGGTGCACAAGGTCAAGGCCAG 

CCGGGACGTCATCATTGACCAGCTGCCCGACCTGATGGGGCTCAAAGCTGTGAATG 

TGGCCAAGGTCGTCGGAACCAACCCGTGTGCGGACAGGAACGGGGGGTGCAGCCA 

CCTGTGCTTCTTCACACCCCACGCAACCCGGTGTGGCTGCCCCATCGGCCTGGAGC 

TGCTGAGTGACATGAAGACCTGCATCGTGCCTGAGGCCTTCTTGGTCTTCACCAGC 

AGAGCCGCCATCCACAGGATCTCCCTCGAGACCAATAACAACGACGTGCCATCCCG 

CTCACGGGCGTCAAGGAGGCCTCAGCCCTGGACTTTGATGTGTCCAACAACCACAT 

CTACTGGACAGACGTCAGCCTGAAGACCATCAGCCGCGCCTTCATGAACGGGAGCT 

CGGTGGAGCACGTGGTGGAGTTTGGCCTTGACTACCCCGAGGGCATGGCCGTTGAC 

TGGATGGGCAAGAACCTCTACTGGGCCGACACTGGGACCAACAGAATCGAAGTGG 

CGCGGCTGGACGGGCAGTTCCGGCAAGTCCTCGTGTGGAGGGACTTGGACAACCCG 

AGGTCGCTGGCCCTGGATCCCACCAAGGGCTACATCTACTGGACCGAGTGGGGCGG 
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Figure 5(a) (Continued) 

CAAGCCGAGGATCGTGCGGGCCTTCATGGAGGGGACCAACTGCATGACGCTGGTGG 

ACAAGGTGGGCCGGGCCAACGACCTCACCATTGACTACGCTGACCAGCGCCTCTAC 

TGGACCGACCTGGACACCAACATGATCGAGTCGTCCAACATGCTGGGTCAGGAGCG 

GGTCGTGATTGCCGACGATCTCCCGCACCCGTTCGGTCTGACGCAGTACAGCGATT 

ATATCTACTGGACAGACTGGAATCTGCACAGCATTGAGCGGGCCGACAAGACTAGC 

GGCCGGAACCGCACCCTCATCCAGGGCCACCTGGACTTCGTGATGGACATCCTGGT 

GTTCCACTCCTCCCGCCAGGATGGCCTCAATGACTGTATGCACAACAACGGGCAGT 

GTGGGCAGCTGTGCCTTGCCATCCCCGGCGGCCACCGCTGCGGCTGCGCCTCACAC 

TACACCCTGGACCCCAGCAGCCGCAACTGCAGCCCGCCCACCACCTTCTTGCTGTT 

CAGCCAGAAATCTGCCATCAGTCGGATGATCCCGGACGACCAGCACAGGCCGGATC 

TCATCCTGCCCCTGCATGGACTGAGGAACGTCAAAGCCATCGACTATGACCCACTG 

GACAAGTTCATCTACTGGGTGGATGGGCGCCAGAACATCAAGCGAGCCAAGGACG 

ACGGGACCCAGCCCTTTGTTTTGACCTCTCTGAGCCAAGGCCAAAACCCAGACAGG 

CAGCCCCACGACCTCAGCATCGACATCTACAGCCGGACACTGTTCTGGACGTGCGA 

GGCCACCAATACCATCAACGTCCACAGGCTGAGCGGGGAAGCCATGGGGGTGGTG 

CTGCGTGGGGACCGCGACAAGCCCAGGGCCATCGTCGTCAACGCGGAGCGAGGGT 

ACCTGTACTTCACCAACATGCAGGACCGGGCAGCCAAGATCGAACGCGCAGCCCTG 

GACGGCACCGAGCGCGAGGTCCTCTTCACCACCGGCCTCATCCGCCCTGTGGCCCT 

GGTGGTAGACAACACACTGGGCAAGCTGTTCTGGGTGGACGCGGACCTGAAGCGC 

ATTGAGAGCTGTGACCTGTCAGGGGCCAACCGCCTGACCCTGGAGGACGCCAACAT 

CGTGCAGCCTCTGGGCCTGACCATCCTTGGCAAGCATCTCTACTGGATCGACCGCC 

AGCAGCAGATGATCGAGCGTGTGGAGAAGACCACCGGGGACAAGCGGACTCGCAT 

CCAGGGCCGTGTCGCCCACCTCACTGGCATCCATGCAGTGGAGGAAGTCAGCCTGG 

AGGAGTTCTCAGCCCACCCATGTGCCCGTGACAATGGTGGCTGCTCCCACATCTGT 

ATTGCCAAGGGTGATGGGACACCACGGTGCTCATGCCCAGTCCACCTCGTGCTCCT 

GCAGAACCTGCTGACCTGTGGAGAGCCGCCCACCTGCTCCCCGGACCAGTTTGCAT 

GTGCCACAGGGGAGATCGACTGTATCCCCGGGGCCTGGCGCTGTGACGGCTTTCCC 

GAGTGCGATGACCAGAGCGACGAGGAGGGCTGCCCCGTGTGCTCCGCCGCCCAGTT 

CCCCTGCGCGCGGGGTCAGTGTGTGGACCTGCGCCTGCGCTGCGACGGCGAGGCAG 

ACTGTCAGGACCGCTCAGACGAGGCGGACTGTGAGGCCATCTGCCTGCCCAACGAG 

TTCCGGTGTGCGAGCGGCCAGTGTGTCCTATCAAACAGCAGTGCGACTCCTTCCCC 

GACTGTATCGACGGCTCCGACGAGCTCATGTGTGAAATCACCAAGCCGCCCTCAGA 

CGACAGCCCGGCCCACAGCAGTGCCATCGGGCCCGTCATTGGCATCATCCTCTCTC 

TCTTCGTCATGGGTGGTGTCTATTTTGTGTGCCAGCGCGTGGTGTGCCAGCGCTATG 

CGGGGGCCAACGGGCCCTTCCCGCACGAGTATGTCAGCGGGACCCCGCACGTGCCC 

CTCAATTTCATAGCCCCGGGCGGTTCCCAGCATGGCCCCTTCACAGGCATCGCATG 

CGGAAAGTCCATGATGAGCTCCGTGAGCCTGATGGGGGGCCGGGGCGGGGTGCCC 

CTCTACGACCGGAACCACGTCACAGGGGCCTCGTCCAGCAGCTCGTCCAGCACGAA 

GGCCACGCTGTACCCGCCGATCCTGAACCCGCCGCCCTCCCCGGCCACGGACCCCT 

CCCTGTACAACATGGACATGTTCTACTCTTCAAACATTCCGGCCACTGTGAGACCG 

TACAGGCCCTACATCATTCGAGGAATGGCGCCCCCGACGACGCCCTGCAGCACCGA 

CGTGTGTGACAGCGACTACAGCGCCAGCCGCTGGAAGGCCAGCAAGTACTACCTG 

GATTTGAACTCGGACTCAGACCCCTATCCACCCCCACCCACGCCCCACAGCCAGTA 
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Figure 5(a) (Coritinued) 



CCTGTCGGCGGAGGACAGCTGCCCGCCCTCGCCCGCCACCGAGAGGAGCTACTTCC 

ATCTCTTCCCGCCCCCTCCGTCCCCCTGCACGGACTCATCCTGACCTCGGCCGGGCC 

AC TCTGG CTTCTCTGTGCCCCTGTAAATAGTTTTAAATATGAACAAAGAAAAAAAT 

ATATTTTATGATTTAAAAAATAAATATAATTGGGATTTTAAAAACATGAGAAATGT 

GAACTGTGATGGGGTGGGCAGGGCTGGGAGAACTTTGTACAGTGGAACAAATATTT 
ATAAACTTAATTTTGTAAAACAG 
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Figure 5(b) 

ATGGAGGCAGCGCCGCCCGGGCCGCCGTGGCCGCTGCTGCTGCTGCTGCTGCTG 

CTGCTGGCGCTGTGCGGCTGCCCGGCCCCCGCCGCGGCCTCGCCGCTCCTGCTA 

TTTGCCAACCGCCGGGACGTACGGCTGGTGGACGCCGGCGGAGTCAAGCTGGA 

GTCCACCATCGTGGTCAGCGGCCTGGAGGATGCGGCCGCAGTGGACTTCCAGTT 

TTCCAAGGGAGCCGTGTACTGGACAGACGTGAGCGAGGAGGCCATCAAGCAGA 

CCTACCTGAACCAGACGGGGGCCGCCGTGCAGAACGTGGTCATCTCCGGCCTGG 

TCTCTCCCGACGGCCTCGCCTGCGACTGGGTGGGCAAGAAGCTGTACTGGACGG 

ACTCAGAGACCAACCGCATCGAGGTGGCCAACCTCAATGGCACATCCCGGAAG 

GTGCTCTTCTGGCAGGACCTTGACCAGCCGAGGGCCATCGCCTTGGACCCCGCT 

CACGGGTACATGTACTGGACAGACTGGGGTGAGACGCCCCGGATTGAGCGGGC 

AGGGATGGATGGCAGCACCCGGAAGATCATTGTGGACTCGGACATTTACTGGCC 

CAATGGACTGACCATCGACCTGGAGGAGCAGAAGCTCTACTGGGCTGACGCCA 

AGCTCAGCTTCATCCACCGTGCCAACCTGGACGGCTCGTTCCGGCAGAAGGTGG 

TGGAGGGCAGCCTGACGCACCCCTTCGCCCTGACGCTCTCCGGGGACACTCTGT 

ACTGGACAGACTGGCAGACCCGCTCCATCCATGCCTGCAACAAGCGCACTGGGG 

GGAAGAGGAAGGAGATCCTGAGTGCCCTCTACTCACCCATGGACATCCAGGTGC 

TGAGCCAGGAGCGGCAGCCTTTCTTCCACACTCGCTGTGAGGAGGACAATGGCG 

GCTGCTCCCACCTGTGCCTGCTGTCCCCAAGCGAGCCTTTCTACACATGCGCCT 

GCCCCACGGGTGTGCAGCTGCAGGACAACGGCAGGACGTGTAAGGCAGGAGCC 

GAGGAGGTGCTGCTGCTGGCCCGGCGGACGGACCTACGGAGGATCTCGCTGGA 

CACGCCGGACTTTACCGACATCGTGCTGCAGGTGGACGACATCCGGCACGCCAT 

TGCCATCGACTACGACCCGCTAGAGGGCTATGTCTACTGGACAGATGACGAGGT 

GCGGGCCATCCGCAGGGCGTACCTGGACGGGTCTGGGGCGCAGACGCTGGTCA 

ACACCGAGATCAACGACCCCGATGGCATCGCGGTCGACTGGGTGGCCCGAAAC 

CTCTACTGGACCGACACGGGCACGGACCGCATCGAGGTGACGCGCCTCAACGG 

CACCTCCCGCAAGATCCTGGTGTCGGAGGACCTGGACGAGCCCCGAGCCATCGC 

ACTGCACCCCGTGATGGGCCTCATGTACTGGACAGACTGGGGAGAGAACCCTAA 

AATCGAGTGTGCCAACTTGGATGGGCAGGAGCGGCGTGTGCTGGTCAATGCCTC 

CCTCGGGTGGCCCAACGGCCTGGCCCTGGACCTGCAGGAGGGGAAGCTCTACTG 

GGGAGACGCCAAGACAGACAAGATCGAGGTGATCAATGTTGATGGGACGAAGA 

GGCGGACCCTCCTGGAGGACAAGCTCCCGCACATTTTCGGGTTCACGCTGCTGG 

GGGACTTCATCTACTGGACTGACTGGCAGCGCCGCAGCATCGAGCGGGTGCACA 

AGGTCAAGGCCAGCCGGGACGTCATCATTGACCAGCTGCCCGACCTGATGGGGC 

TCAAAGCTGTGAATGTGGCCAAGGTCGTCGGAACCAACCCGTGTGCGGACAGG 

AACGGGGGGTGCAGCCACCTGTGCTTCTTCACACCCCACGCAACCCGGTGTGGC 

TGCCCCATCGGCCTGGAGCTGCTGAGTGACATGAAGACCTGCATCGTGCCTGAG 

GCCTTCTTGGTCTTCACCAGCAGAGCCGCCATCCACAGGATCTCCCTCGAGACC 

AATAACAACGACGTGGCCATCCCGCTCACGGGCGTCAAGGAGGCCTCAGCCCTG 

GACTTTGAGTGTCCAACAACCACATCTACTGGACAGACGTCAGCCTGAAGACCA 

TCAGCCGCGCCTTCATGAACGGGAGCTCGGTGGAGCACGTGGTGGAGTTTGGCC 

TTGACTACCCCGAGGGCATGGCCGTTGACTGGATGGGCAAGAACCTCTACTGGG 

CCGACACTGGGACCAACAGAATCGAAGTGGCGCGGCTGGACGGGCAGTTCCGG 

CAAGTCCTCGTGTGGAGGGACTTGGACAACCCGAGGTCGCTGGCCCTGGATCCC 

ACCAAGGGCTACATCTACTGGACCGAGTGGGGCGGCAAGCCGAGGATCGTGCG 

GGCCTTCATGGACGGGACCAACTGCATGACGCTGGTGGACAAGGTGGGCCGGG 

CCAACGACCTCACCATTGACTACGCTGACCAGCGCCTCTACTGGACCGACCTGG 
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Figure 5(b) (Continued) 



ACACCAACATGATCGAGTCGTCCAACATGCTGGGTCAGGAGCGGGTCGTGATTG 

CCGACGATCTCCCGCACCCGTTCGGTCTGACGCAGTACAGCGATTATATCTACT 

GGACAGACTGGAATCTGCACAGCATTGAGCGGGCCGACAAGACTAGCGGCCGG 

AACCGCACCCTCATCCAGGGCCACCTGGACTTCGTGATGGACATCCTGGTGTTC 

CACTCCTCCCGCCAGGATGGCCTCAATGACTGTATGCACAACAACGGGCAGTGT 

GGGCAGCTGTGCCTTGCCATCCCCGGCGGCCACCGCTGCGGCTGCGCCTCACAC 

TACACCCTGGACCCCAGCAGCCGCAACTGCAGCCCGCCCACCACCTTCTTGCTG 

TTCAGCCAGAAATCTGCCATCAGTCGGATGAtCCCGGACGACCAGCACAGCCCG 

GATCTCATCCTGCCCCTGCATGGACTGAGGAACGTCAAAGCCATCGACTATGAC 

CCACTGGACAAGTTCATCTACTGGGTGGATGGGCGCCAGAACATCAAGCGAGCC 

AAGGACGACGGGACCCAGCCCTTTGTTTTGACCTCTCTGAGCCAAGGCCAAAAC 

CCAGACAGGCAGCCCCACGACCTCAGCATCGACATCTACAGCCGGACACTGTTC 

TGGACGTGCGAGGCCACCAATACCATCAACGTCCACAGGCTGAGCGGGGAAGC 

CATGGGGGTGGTGCTGCGTGGGGACCGCGACAAGCCCAGGGCCATCGTCGTCA 

ACGCGGAGCGAGGGTACCTGTACTTCACCAACATGCAGGACCGGGCAGCCAAG 

ATCGAACGCGCAGCCCTGGACGGCACCGAGCGCGAGGTCCTCTTCACCACCGGC 

CTCATCCGCCCTGTGGCCCTGGTGGTAGACAACACACTGGGCAAGCTGTTCTGG 

.GTGGACGCGGACCTGAAGCGCATTGAGAGCTGTGACCTGTCAGGGGCCAACCG 

CCTGACCCTGGAGGACGCCAACATCGTGCAGCCTCTGGGCCTGACCATCCTTGG 

CAAGCATCTCTACTGGATCGACCGCCAGCAGCAGATGATCGAGCGTGTGGAGAA 

GACCACCGGGGACAAGCGGACTCGCATCCAGGGCCGTGTCGCCCACCTCACTGG 

CATCCATGCAGTGGAGGAAGTCAGCCTGGAGGAGTTCTCAGCCCACCCATGTGC 

CCGTGACAATGGTGGCTGCTCCCACATCTGTATTGCCAAGGGTGATGGGACACC 

ACGGTGCTCATGCCCAGTCCACCTCGTGCTCCTGCAGAACCTGCTGACCTGTGG 

AGAGCCGCCCACCTGCTCCCCGGACCAGTTTGCATGTGCCACAGGGGAGATCGA 

CTGTATCCCCGGGGCCTGGCGCTGTGACGGCTTTCCCGAGTGCGATGACCAGAG 

CGACGAGGAGGGCTGCCCCGTGTGCTCCGCCGCCCAGTTCCCCTGCGCGCGGGG 

TCAGTGTGTGGACCTGCGCCTGCGCTGCGACGGCGAGGCAGACTGTCAGGACCG 

CTCAGACGAGGCGGACTGTGACGCCATCTGCCTGCCCAACCAGTTCCGGTGTGC 

GAGCGGCCAGTGTGTCCTCATCAAACAGCAGTGCGACTCCTTCCCCGACTGTAT 

CGACGGCTCCGAGAGCTCATGTGTGAAATCACCAAGCCGCCCTCAGACGACAGC 

CCGGCCCACAGCAGTGCCATCGGGCCCGTCATTGGCATCATCCTCTCTCTCTTC 

GTCATGGGTGGTGTCTATTTTGTGTGCCAGCGCGTGGTGTGCCAGCGCTATGCG 

GGGGCCAACGGGCCCTTCCCGCACGAGTATGTCAGCGGGACCCCGCACGTGCCC 

CTCAATTTCATAGCCCCGGGCGGTTCCCAGCATGGCCCCTTCACAGGCATCGCA 

TGCGGAAAGTCCATGATGAGCTCCGTGAGCCTGATGGGGGGCCGGGGCGGGGT 

GCCCCTCTACGACCGGAACCACGTCACAGGGGCCTCGTCCAGCAGCTCGTCCAG 

CACGAAGGCCACGCTGTACCCGCCGATCCTGAACCCGCCGCCCTCCCCGGCCAC 

GGACCCCTCCCTGTACAACATGGACATGTTCTACTCTTCAAACATTCCGGCCAC 

TGTGAGACCGTACAGGCCCTACATCATTCGAGGAATGGCGCCCCCGACGACGCC 

CTGCAGCACCGACGTGTGTGACAGCGACTACAGCGCCAGCCGCTGGAAGGCCA 

GCAAGTACTACCTGGATTTGAACTCGGACTCAGACCCCTATCCACCCCCACCCA 

CGCCCCACAGCCAGTACCTGTCGGCGGAGGACAGCTGCCCGCCCTCGCCCGCCA 

CCGAGAGGAGCTACTTCCATCTCTTCCCGCCCCCTCCGTCCCCCTGCACGGA 

CTCATCC 
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Figure 5(c) 



MEAAPPGPPWPLLLLLLLLLALCGCPAPAAASPLLLFANRRDVRLVDAGGVKLESTIV 

VSGLEDAAAVDFQFSKGAVYWTDVSEEAIKQTYLNQTGAAVQNVVISGLVSPDGLAC 

DWVGKKLYWTDSETNRIEVANLNGTSRKVLFWQDLDQPRAIALDPAHGYMYWTDW 

GETPRIERAGMDGSTRKIIVDSDIYWPNGLTIDLEEQKLYWADAKLSFIHPvANLDGSFR 

QKVVEGSLTHPFALTLSGDTLYWTDWQTRSIHACNKRTGGKRKEILSALYSPMDIQVLS 

QERQPFFHTRCEEDNGGCSHLCLLSPSEPFYTCACPTGVQLQDNGRTCKAGAEEVLLL 

ARRTDLRRISLDTPDFTDIVLQVDDIRHAIAIDYDPLEGYVYWTDDEVRAIRRAYLDGS 

GAQTLVNTEINDPDGIAVDWVARNLYWTDTGTDRIEVTRLNGTSRKILVSEDLDEPRAI 

ALHPVMGLMYWTDWGENPKIECANLDGQERRVLVNASLGWPNGLALDLQEGKLYW 

GDAKTDKIEVINVDGTKRRTLLEDKLPHIFGFTLLGDFIYWTDWQRRSIERVHKVKASR 

DVIIDQLPDLMGLKAVNVAKWGTNPCADRNGGCSHLCFFTPHATRCGCPIGLELLSD 

MKTCIVPEAFLVFTSRAAIHRISLETNNNDVAIPLTGVKEASALDFDVSNNHIYWTDVSL 

KTISRAFMNGSSVEHVVEFGLDYPEGMAVDWMGKNLYWADTGTNRIEVARLDGQFR 

QVLVWRDLDNPRSLALDPTKGYIYWTEWGGKPRIVRAFMDGTNCMTLVDKVGRAND 

LTIDYADQRLYWTDLDTNMIESSNMLGQERVVIADDLPHPFGLTQYSDYIYWTDWNL 

HSIERADKTSGRNRTLIQGHLDFVMDILVFHSSRQDGLNDCMHNNGQCGQLCLAIPGG 

HRCGCASHYTLDPSSRNCSPPTTFLLFSQKSAISRMIPDDQHSPDLILPLHGLRNVKAIDY 

DPLDKFIYWVDGRQNIKRAKDDGTQPFVLTSLSQGQNPDRQPHDLSIDIYSRTLFWTCE 

ATNTINVHRLSGEAMGVVLRGDRDKPRAIVVNAERGYLYFTNMQDRAAKIERAALDG 

TEREVLFTTGLIRPVALVVDNTLGKLFWVDADLKRIESCDLSGANRLTLEDANIVQPLG 

LTILGKHLYWIDRQQQMIERVEKTTGDKRTRIQGRVAHLTGIHAVEEVSLEEFSAHPCA 

RDNGGCSHICIAKGDGTPRCSCPVHLVLLQNLLTCGEPPTCSPDQFACATGEIDCIPGA 

WRCDGFPECDDQSDEEGCPVCSAAQFPCARGQCVDLRLRCDGEADCQDRSDEADCD 

AICLPNQFRCASGQCVLIKQQCDSFPDCIDGSDELMCEITKPPSDDSPAHSSAIGPVIGIIL 

SLFVMGGVYFVCQRVVCQRYAGANGPFPHEYVSGTPHVPLNFIAPGGSQHGPFTGIAC 

GKSMMSSVSLMGGRGGVPLYDRNHVTGASSSSSSSTKATLYPPILNPPPSPATDPSLYN 

MDMFYSSNIPATVRPYRPYIIRGMAPPTTPCSTDVCDSDYSASRWKASKYYLDLNSDSD 

PYPPPPTPHSQYLSAEDSCPPSPATERSYFHLFPPPPSPCTDSS 
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Figure 5(d) 
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Figure 5(e) 



CPAPAAASPLLLFANRRDVRLVDAGGVKLESTIVVSGLEDAAAVDFQFSKGAVYWTD 

VSEEAIKQTYLNQTGAAVQNVVISGLVSPDGLACDWVGKKLYWTDSETNRIEVANLN 

GTSRKVLFWQDLDQPRAIALDPAHGYMYWTDWGETPRIERAGMDGSTRKIIVDSDIY 

WPNGLTIDLEEQKLYWADAKLSFIHRANLDGSFRQKVVEGSLTHPFALTLSGDTLYWT 

DWQTRSIHACNKRTGGKRKEILSALYSPMDIQVLSQERQPFFHTRCEEDNGGCSHLCLL 

SPSEPFYTCACPTGVQLQDNGRTCKAGAEEVLLLARRTDLRRISLDTPDFTDIVLQVDDI 

RHAIAIDYDPLEGYVYWTDDEVRAIRRAYLDGSGAQTLVNTEINDPDGIAVDWVARNL 

YWTDTGTDRIEVTRLNGTSRKILVSEDLDEPRAIALHPVMGLMYWTDWGENPKIECAN 

LDGQERRVLVNASLGWPNGLALDLQEGKLYWGDAKTDKIEVINVDGTKRRTLLEDKL 

PHIFGFTLLGDFIYWTDWQRRSIERVHKVKASRDVIIDQLPDLMGLKAVNVAKVVGTN 

PCADRNGGCSHLCFFTPHATRCGCPIGLELLSDMKTCIVPEAFLVFTSRAAIHRISLETN 

NNDVAIPLTGVKEASALDFDVSNNHIYWTDVSLKTISRAFMNGSSVEHWEFGLDYPE 

GMAVDWMGKNLYWADTGTNRIEVARLDGQFRQVLVWRDLDNPRSLALDPTKGYIY 

WTEWGGKPRIVRAFMDGTNCMTLVDKVGRANDLTIDYADQRLYWTDLDTNMIESSN 

MLXjQERVVIADDLPHPFGLTQYSDYIYWTDWNLHSIERADKTSGRNRTLIQGHLDFVM 

dilvfhssrqdglndcmhnngqcgqlclaipgghrcgcashytldpssrncsppttfll 

fsqksaisrmipddqhspdlilplhglrnvkaidydpldkfiywvdgrqnikrakddgt 

qpfvltslsqgqnpdrqphdlsidiysrtlfwtceatntinvhrlsgeamgvvlrgdrd 

kpraiwnaergylyftnmqdraakieraaldgterevlfttglirpvalvvdntlgk 

lfwvdadlkrjescdlsganrltledanivqplgltilgkhlywidrqqqmiervektt 

gdkrtriqgrvahltgihaveevsleefsahpcardnggcshiciakgdgtprcscpvh 

lvllqnlltcgepptcspdqfacatgeidcipgawrcdgfpecddqsdeegcpvcsaaq 

fpcargqcvdlrlrcdgeadcqdrsdeadcdaiclpnqfrcasgqcvlikqqcdsfpd 

cidgsdelmceitkppsddspahssaigpvigiilslfvmggvyfvcqrwcqryagang 

pfpheyvsgtphvplnfiapggsqhgpftgiacgksmmssvslmggrggvplydrnhv 

tgassssssstkatlyppilnpppspatdpslynmdmfyssntpatvrpyrpyiirgmappt 

tpcstdvcdsdysasrwkaskyyldlnsdsdpypppptphsqylsaedscppspatersy 

fhlfppppspctdss 
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Figure 5f 
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Figure 5g 

Human 1 ME^P? 0 ™™ j t t j J J T » Y AT nrrvAPAAA.gpr j J FflNRREWRLVDAQG 50 

|| || M llll. I I i 1 1 1 1 1 1 1 1 1 1 1 ■ 1 1 1 1 1 1 1 1 1 
Mouse 1 MEIAPIRAPPPPPPF^^ 49 

• • • • • 

51 VKLESTIWSa£B^VD£X!FSKG^^ 100 

MINIM Ml MMIMMMMMMIMMIMMMIMM I I 
50 VKLESTIVASGL£DAAAVDP^ 99 

. • • 

101 NWISGLVSFDISLACDW^ 150 

I c 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
100 NIVISGkVSHXSL^^ 149 

• • • • • 
151 DQFRAIMIDPAB3YM5^ 200 

1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 MlllllltlllMlllllllllllll 
150 EQFRAIMiDPAH^Y^^ 199 

. • • • • 

201 TIDLEEQKLYWADAK^ 250 

I 1 1 I I I I I I 1 1 I I 1 t I I 1 1 I I I I 1 1 I I I 1 1 I I I I 1 I 1 t I I I 1 I 1 1 i i 1 1 1 
200 TIDLEEQKLYWADAKLSFIHRAN^ 249 

. • • • • 

251 YVnDK?IRSDCO^KFTO^ 300 

1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 f ! 1 1 1 1 1 1 1 1 1 III II 
250 YVOTW2IRSIHH34KWIG^^ 299 

• . • • 

301 EEXsGCXTSHL^ 350 

III lil! II III II MM. 1111111111111:1!) MMMIMMI 
300 mgQQCSHLOXSF^ 349 

351 DU^S Wry U Fi VVJUJJ^ 400 

1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 M f MIMMMMMMMMIMMMMM 
350 DO^SLinKFIDB^jQVro 399 

• • • • • 
401 YIIX39GAQfILV^^ 450 

I I M M M M M 1 M I M I M M 1 M 1 M I M M I MM 1 M M M 1 1 M 
400 YIIXSSGAOTLVWIEIl^ 449 

• • ♦ • 

451 KILVSEDII)EFRAIAHiR^^ 500 
MMMMMMM M M M It M M M M M M I U M I . : I MM 

450 KILVSEDUDEPRAIVL^^ 499 

• • • 

501 El/3tiRELi£I2U2T^^ 550 
IM MM M M M Ml M M MM MMIM:M 

500 SLX3VRCLMiDU£X^ 533 



WO 98/46743 




PCT/GB98/01102 



15/67 



Figure 6(a) 

EGP precursor motifs in LRP-5 isoform 1 

ISOform 1 268 (TH7^3XSHLrT .USPSEPFYTC^PIGVQDSIigGRK: 345 

C N3QCS LCLLSP - CftCPT L GR2C 
LRP-EGF repeat CKVNNQGCSNLTT ,T flPC<^HKCACFINFYLGSDGRTC 



Isoform 1 570 cnwvATypKTxrxw c w i 'PHATRmrPT nr .ft ,t .grM rTp t 650 

GIN C NQOCS LC TP C C L D TC 
LRP-EGF repeat GESKCTM^NQQCSSLCl^^ 



Isoform 1 871 GLtSflXMHIM3QCG^ 950 

GNC NNG C LCLA PG CCA ID C 
LRP-EGF repeat GINKCRVMSDQCSSLCLATPGSI^ 



Isoform 1 1184 HPC£FraKGC<£HICIAKGDGTPRC^ 1262 

HPC N3GCS C G C CP L TC 
LRP-EGF repeat HFCKVNNGC<^MX1I J SP^ 



LDL-receptor motifs in LRP-5 isoform 1 

Isoform 1 1226 PICSPDQFAC^]EIDCT 1304 

P C DQF C G --CIP WRCD C D SDEE C 
LRP-LDL repeat PROJ^FCa<S&l--CIPI^RWRe^^ 



Isoform 1 1267 CSAAQFFC^RQQCVDli^^^ 1342 

C QF C G C ODG DOQD SDFA CD 

LRP-LDL repeat CRFC<}FO^TGICINPAFICD^ 



Isoform 1 1305 CLEH5FRCA9QQCVLIKQCCDSFPDCnG 1379 

C QF C 9G C CD DC DGSDE C 

LRP-LDL repeat QM^FCCKSGHCIPLRWRCDADADC^^ 37 
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Figure 6(b) 



Motif Organization of the LDL- receptor and LRP-S 
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Figure I I (a) 



GAGAGGACACCGCATTCTTCTTCT(XAGAGGATGCACK^ 
TTCAAACCAGAGACCAAACCAACCAGCAWTTTTGTXnTGAACTTCC^ 

TCCACAACTAATATAAACCCCATGAGGGCAGAGGCGTTCAGCCTGACTCCAG 

CCTGGCAAAGCTCTCACAAATCTGGAGGAACACACACGTTC 

GTTUTGTGAGCCTTXXXXXrTO^ 

GTCGACGCOGGGGGAGTCAAGCTGGAGTCX^OC^^ 

GGATGCGGCCGCAGTGGACTTCCAGTTTT(XAAGGGAGO 

ACGTGAGCGAGGAGGCCATCAAGCAGACCTACCTCAACC^ 

CGTGCAGAACGTGGTCATXnXXXX3CCTGGTUT^^ 

TGGGTGGGCAAGAAGCTGTACTCGACGGACTGAGAGACCAACCGCATCX}AGG 

TGGCCAACCTCAATGGCACATnXGGAAGGTGCTCT^^ 

CAGCCGAGGGCCATCGCCTTXXjACCCXIXjCTCACGGCT 

CTGGGGTGAGACCJCOXGGATTCAGOGGGCACXXjATGGATG^ 

AGATCATTGTGGACTCGGACATTTACTXKjCCGAATGGACTC 

GGAGGAGCAGAAGCTCTACTGGGCTCACXXX^AAGGTCAGCrrcA 

CCAA(XrTCGACGGCT03TTCCX}GCAGAACKjT 

CGCTTGGCCCTGACGClUKXGGGGACACTCrc 

CGCTCCA702ATGCCTGCAACAAGCGCACTGGGGGGAAGAGGAAGGAGATCC 
TGAGTXKXCTCTACIXIACCCATGGACATCC^ 

CCTTTCn CCACACTCGCTGTGAGGAGGACAATGGCGGCTGCTCCCACCTPGTGC 

CIGCTGTCOCCAAGCGAGOariTCTACACATGCGCCTGO 

CTGCAGGACAACGGCAGGACGTCTAAGGCAGGAGCCGAGGAGGT^ 

TGGCCCGGCGGACGGACCTACGGAGGATCTCGCTGGAC^ 

ACATCGTGCTGCAGGTGGACGACATTO3GCACX}CCATTXXXATC^ 

COjCTAGAGCKjCTATGTCTACTCGA(^GATCACG 

GGCGTACCTGGACGGGTCTGGGGCGCAGACGC1XK3TC 

ACXXCGATGGCATCGCGGTCGACTGGGTGGGCCGAAACXnUr 

ACGGGCACGGACXIXjCATCGAGGTGACGCGCCTXIAACGGCACCT 

CCTGGTGT(XKjAGGACXJIGGACXjAGCCCCGAGCCA 

gggcctcatgtactggacagacrixjgggagagaaccctaaaatc 
aacttggatgggcaggagcggcgtgtgctggtcaatg 
aacggcctcgccctggacctgcaggaggggaagctcta 
agacagacaagatcgaggtgatcaatgttgatgggacgaagaggcggacc 

CTCCTXXjAGGACAAGCTXXXXjCACATTTTCXjGG 

ATCTACTGGACnnGACTGGCAGCGCCGCAGCATCGAGCGGGTGCACAAGGTC^ 

AGGCCAGCCGGGACGTCATX^TTGACCACOGCCCGACCTCAT^ 

GCTGTGAATGTGGCCAAGGTCGTCGGAACCAAOXGTGTC 

GGGGGTCCAGCCACCTGTGCTTCTTCACAG 

CATCGGCCTCGACH^C7GAGTGACA7GAAGA(XTCCATO^ 
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Figure 1 1(a), Ctd. 

TCTTCKjTCTTCACCAGCA^ 

AACAA(XJACCnXK3CCATCm3CrcACGGGOGTC 

CTTTGATGTCTCCAACAACCACATCTACTGGAC^ 

ATCAGCCGCGCCTTCATGAACGGGAGCTCGGTGGAGCACGT^^ 

CCTIGACTACnXGAGGGCATCGCXIGTTGAC^ 

GGGCCGACACTGGGACGAACAGAATCGAAGTGGCGOGGC7GGACGGG<^ 

(XGGCAAGTOCTCGTGTGGACKjGACT^ 

ATCCCACGAAGGGCTACATCTACTGGACnj^ 

CGTGCGGGCCTTCATGGACGGGACCAACTGCATGACGC^ 

GCCGGGCCAACGACCTCACCATTGACTACGCTGACCAGCGC^ 

ACCTGGACACCAACATGATCGAGTCGTCCAACATCKHGG^ 

CXTTCATTGCXXjACXjATCTCCCXXACXI^^ 

ATATCTACTGGACAG ACTGG AATCTGCACAGCATTG AGCGGGCCG ACAAGA 

CTAGCGGCCGGAACCGCA(XCTGATGCAGGGCCACCTGGACTTC^ 

ATCCTGGTGTTCCACTCCTCCCXjGCAGGATU 

CAAGGGGCAGTGTGGGCAGCTCTGCCTTGGCATCCGCGGGG^ 

TGGGOCTCACACTACACOirrGGACOCXIAGCAGCCGG 

ACCTTGTTGCnTGTTCAGCCAGAAATCTGCCATCAGTGGGATGATCCCGGACGA 

CCAGCAGAGCCCGGATCTPCATCCTGCCCCnGCATGGACIGAGGAACGTCAAAG 

CCATCGACTATGAGCCACTGGACAAGTTGATCTACTGGGTGGATGGGCGCCA 

GAACATCAACK05AGCCAAGGACGACGGGACCCAGCCCTnGTTnGACC^ 

CTGACX:CAACH3CCAAAACCCAGACAGGCAGCCCCACGA 

TUrACAGCCGGACACTGTTCTGGACGTGCGAGGCCACGAATACCATCAACGTC 

CACAGGCTGAGGGGGGAAGCCATGGGGGTGGTGCTGCGTG^ 

GCCCACKjGCCATCGTCGTGAACGCGGAGCGAGGGTACCTGT^ 

TGCAGGACCGGGCAG02AAGATCGAACGCGCAGCCCTGGACGGCAOT 

GACJGTTXriXnTCACCACCGGOJTGATCCGGGCT^^ 

ACACTGGGCAAGCTGTTGTGGGTGGACGCGGACCTGA^ 

GTGACCTGTCAGGGGCCAACCGCCTGACn^TGGAGGACGCCAACA 

CCTCTGGGCCTGACCATCCTTGGCAAGCATC1CT 

CAGATGATCGAGOTIGTGGAGAAGACCACCGGGGACAAGCGGACTCGCATCC 
AGGGCCGTGTOGOXACCTtTvCTGGCATCC^ 

GAGGAGTTCTXZAGCCCAGCCATGTGGCCGTGACAATGGTGGCI^^ 

CTGTATTCCCVVAGGGTGATGGGACAOCACGGTGCT^ 

T GCTOC TGCAGAAOCTGCTGAOCTGTGGAGAGOCGGOC^ 

AGTTTGCATGTGGCACAGGGGAGATCXjACTCTAT^ 

GACGGCTTTXXXGAGTGCGATGACCAGAGCGACGAGGAGGGCTGCCCC^ 

CTGCGCCGOXAGTTGCCCTGCGCGOCGGGTCAC^ 

GCGACGGCGAGGCAGACTGTCAGGACCGCTCAGACGAGGCGGACTGTC 

ATOGCCTGOCCAACCAGTTGCGGTGTGCGAGCGGCCAGinGTGTCCTC 

ACAGCAGTGCGACTCCTTCCC03ACTGTATCGACGCOGCGACGAGCTT:A7GT 
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Figure, i I (a), Ctd. 

GTCAAATCACCAAGCCGCGCTCAGACGACAGCCCGGCCCACAGCAGTGCC^ 

GGGCCCGTCATTGGCATCATCCTCTCIT^^ 

GTUKXrAGCOXritKTKTIIKXA 

ACXjAGTATGTCAGCXK3GA(XGCXjCACXj^ 

GTTCOZAGCATGGCXXXTIC^CAGGCATCXjCAT^^ 

TXXXTKjAGOCTCATGK^GGGGCCGGGGCGG^ 

GTCACAGGGGCCTOGTO^GCAGCTOGTQCAGCAC^ 

<XGATCXHTGAA<XCXX]CXXXriaXXXXj^ 

ACATGTTCTACTCTTCAAACATTCCX^ 

ATCATIXX3AGGAATGGCGC000CGAOjACG(^ 

CAGOGACTAC^GOGCCAG<XGCKKjAACK30CAG^ 

AACTHCXX5ACTO\GAC0CXnAT0CA(XC0CA(XCA 

TCXX3CGGAGGACAGCTraXXKXaa^ 

CTCITCO0GOG0CCTO0GTCOCCCTGCA 

CTCTGGCTTCTCTGTGCCCCTGTAAATAGTTTTAAATATGAACAAAGA 
AAATATATTTTATGATTTAAAAAATAAATATAATTGGGATTTTAAAA 
ACATGAGAAATGTGAACTGTGATGGGGTGGGCAGGGCTGGGAGAACTTTGT 
ACAGTGGAACAAATATTTATAAACTTAATTT 
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Figure 1 1(b) 



ATGTACTXXjACAGACIXXX^^ 

ATGGCAGCACCCGGAAGATCATTGTCiGACnPCGGAC^TTT^ 

ACTCACCATCX}ACCTCGAGGAGCAGAAGCTCTACin» 

A(XTTCATCCA(XX3TGCCAACCT 

GGGCAGOCTGAOGCACCXXJrTCXjCQCTC 

ACAGACTGGCAGACXX1GCTXXATOCATGCXITG 

AGAGGAAGGAGATCX7IGAGTGCCCTTITAC 

GAGCCAGGAGCGGCAG<XTnUnXXACAC^^ 

GCTGCTOXACXTGTGCCTGCTGTXXX^ 

(XCX2AGGGGTCTGCAGCTGCAGGACAACGGCAGGACGTGTAAGGCAGG 

GAGGAGGTCCTCCTGCTGGGCXX}GCGGA(XK}A 

CACXJGCGGACTITACXGACATCGTGCTGC^ 

TTCCCATCGACTACGACCCXjCrAGAGGGCTATGTCT 

GGTGCGGCKXATQOGCAGGGCGTACCIGGACG^ 

CAACACX^AGATCAACGACCCCGATCGCAT0GCGGTO3ACT^^ 

ACCTCTACrcGACCGACACGGGC^CGGACCGCATCGAGGTGACGCGCCT 

GGCACCTCCCGCAAGATCCTGGTCTCGGAGGACCTGGACGAG^ 

GCACTGCACCCCGTGATGGGCCTCATGTACIGGACAGACTGGGGAGAGAACCC 

TAAAATCGAGTGTGCCAACTTGGATGGGCAGGAGCGGCGTGTGCTGGTCAAT 

GOCTXXXTrOGGGTGGGXAAC^ 

TACrcGGGAGACGCCAAGACAGACAAGATCGAGGTCATCAATGTTGATGGG 

ACGAAGAGGGGGAOXTCCTPGGAGGACAAGCrcGCGCAO^TTnGGGGT^ 

GCTGanGGGGGAOTCATCrACTGGACTGACnrGGCA 

GGGTGCACAAGGTCAAGGCCAGCCGGGACGTCAT^ 

CIGATGGGGCTCAAAGCTCTGAATGTXKXCA^ 

GTGCGGACAGGAACX3GGGGGTCG\GCCACCTGTGGTTC^ 

A(XOGGTGTGGCTC(XX£ATCXXXX^ 

CATCGTGCCTGAGGCC 1'lL'l'l GGTCTTCACCAGCAGAGCCGCCATCCACAGG A 

TCTCCUIGGAGACCAATAACAACGACGTGGCCATO 

GAGGCCTCAGCCCTCGACTTTGATGTGTCCAACAACG 

ACGTCAGCCIGAAGAGCATCAGGCGCGCXTrcATC 

CACGTGGTGGAGTTTTjGCCXIGACrACCCCGAG 

GGGCAAGAACCTCTACTGGGCXIGACACTGGGACCAACAGAATCX^ 

CCKXnGGAOGGGCAGTTOOGGCAAGTOCnanXr^ 

GACKTTCGCTCX3CCCTGGATCrCACCAAGGGCTACATCT 

GCGGCAAGCCGAGGATCGTGCXjGGCCTTGATGGACGGGACCAACrGCATGACG 

CTGGTGGACAAGGTGGGOCXjGGCCAACGACCTCACCATIG 

G(XKXTCTACTGGACCGACCTGGACACCAACATCATCGAGTCG^ 

TGGGTCAGGAGCGGGTCGTGAT7GCCGACGATCTO 
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Figure 1 1(b), ctd, 

CGCAGTACAGCGATTATATCTACTGGACAGAOT 

ACXXKjGGGGAG\AGACTAGCXjGGCGGAACOjCACX^ 

GACTTCGTGATGGACATCCTGGTGTIXX^CIXXriX^ 

GACTGTATGGACAACAACXXJGCAGTGTGGG^ 

(XKXCACOGOPGCGGCTCaXXn^ 

CTGCAQXCGCCCACCACXTTUnGCTCTT^ 

GATCATCXXXjGACXjAO^GCACAGOXGGATCTCATOC^ 

TGAGGAACGTD^AAGCCATCGACTATGACCCACIXK}ACAAGTC 

GGGTGGATGGGOGGCAGAACATCAAGCXjAGCCAAG^ 

ctttgttttcacctctctgagccaaggcca 

acctcagcatcgacatctacagccggacactgttctt^ 

aatactatcaacgtgcacaggctgagcggggaaga^tgggggtcra 

gtggggacggcgacaagcccagggccatggtggtca^c^^ 

ctgtacttcaccaacatc^aggagcgggcago3aagatcgaa0 

tggag3gcacxx}agcgcgaggtc£n^^ 

cctggtggtagacaacacacrcggcaagctgttxitc 

aagggcattgagagcttttgacctgtcaggggccaacggcctgacg 

acgccaaca7ggtgcagccrckkkx:ctgaccatccnggc 

TXjGATGGACOjCCAGCAGCAGATGATCXjAGCGTGTGGAGAA 

ACAAGCGGACTCGCATOCAGGGCCGTGTCGCXX^ 

GTGGAGGAAGTCAGCClGGAGGAGTTUrcAGCCCACCCATCTGCC^ 

ATGGTGGCIGCIGCCACATCIGTATTGCCAAGGGTCATGG^ 

TX^TGCCC^GT0CACXJr0GTGCKXnX3CAG 

CXXACXTTGCrcCGCGGACCAGTTTGCATGTGCCACAGQ 

CCCCXjGGGGinGGOGCTGTGAOGGCITI^^ 

GGAGGGCTGGOCXXTrcTGCroCGCCGGCCAGTT^^ 

GTGGACCPGCGCCnXXXJIGGG^ 

GAGGCGGACTX7TGAO30G\TCTGanGaXMCCAGTT^^ 
eAGTGTGTXXTTCATCAAACAGGAGTGCGACnXl^^ 

CTCCGACGAGOPCATGTGTGAAATCACCAAGG33GCCTGAGACGACAGCa^ 

CCCACAGCAGTGCCATGGGGCCCGTCATTGGCATCATGC^ 

TGGGTGGTGTCTATTTTGTGTGCXI^ 

CCAACGGGCCCTTCXXXjCACGAGTATO^ 

ATTTCATAGCCCCGGGCXjGTTIXCAGCATGGOZXXTI^ 

GAAAGTCCATGATGAGCrcOGTGAGCCTCATGGGGGGC^ 

OnCTACGACXXSGAACCACGTCAC^GGGGCCTXXJTCC^ 

AAGGCCACGGTGTACXXGCCGATCCTGAAGXGCC^^ 

arrcarTGTAC^CATGGACATCTIXTACnriTCAAACATrc 

AG ACCOTACAGGCCCTACATC ATTCG AGG AATGGCGCCCCCG ACG ACGCCCTC 

CAGCACCG ACGTGTGTC ACAGCG ACTACAGCGCC^GCOGCTGG A AGGCCAGCA 
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Figure 11(b), Ctd, 

ACTACTACCTGGATTTGAACTCG^ 
(XOCACAGOCACrrAC^^ 
AGAGGAGCTACTIXXWIUrcTIXXXXK^ 
C 
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Figure I 1(c) 



N/mVTDWGETPRIERAGMDGSTRKir^ 

I^FMRANLDGSFRQKVVEGSLTHPFALTL^GDTLYWTDWQTRSIHAC^ 
GGKPJ<EI1^ALYSPMDIQVLSQERQPFFHTRCEEDNCXjCSHLC^ 

CPTGVQLQDNGRTCKAGAEEVIXLARRTOLRWSLDTPDFTDIVLQVDDIRHA 

IAJDYDPLEGYVYWTDDEVRAIRRAYLDGSGAQTLVNTEINDPDGIAVDWV 

AR^YWTDTGTDRIEVTRLNGTSRKILVSEDLDEPRAIALOTVMGLMYWTD 

WGENPKJECAi^DGQERRVLVNASLGWPNGI^DLQEGKLYWGDAKTDKIE 

VlhA^GTKPJlTLLEDKLPHIFGFTLX^ 

IDQLPDLMGLKAVTWAKWGTOPCADRNGGCSHLCFFTPHATRCGCPIGLEL 
LSDK^TCIVPEAPLVFreRAAIHRISLETNNNDVAIPLTGVKEASALDFDVS 
NNH]TWTDVSLKT1SRAFMNGSSVEHVVEFGLDYPEGN4AVDWMG 
AjyiGTNPJEVAPJLDGQFRQVLVWP^ 

IWAFMDGTNCNm.VDKVGRA>TOLTroYADQRLYWTDLDTNMIESSNMLG 

QERVVIADDLPHPFGLTQYSDYrYWTDWNLHSIERADKTSGRNRTLIQGHLDF 

VMDILVFHSSRQDGLNDCMHNNGQCGQLCLAI^^ 

SPPTTFLLFSQKSAJSRMEPDDQHSPDLELPLHGLR^KAIDYDPLDKHYWV 
DGRQNIKRAKDDGTQPFVLTSl^QGQWDRQ 

NVHRLSGEAMGV\a.RGDRDKPRAIWNAERGYLYFWMQDRAAKIERAAL 

DGTEREN^FTTGLIRPVALVVDNTLGKLFWVDADLKRIESCDLSGANRETLE 

DAMVQPLGLmGKmYWIDRQQQMIERVEKTTGDKRTRJQGRVAHLTGIH 

AVEEVSI^EFSAHPCARDNGGCSHICIAKGDGTPRCSCPVHLVLLQNLLTCGE 

PPTCSPDQFACATGEIDCIPGAWRCDGFPECDDQSDEEGCPVCSAAQFPCARGQ 

CVDLRLRCDGEAIXrQDRSDEADCDAJCIJPNQFRCASGGO^ 

SDELMCEITKPPSDDSPAHSSAIGPV1GIILSLFVMGGVYFVCQRVVCQRYAG 

ANGPFPHEWSGTPHWLNFlAPGGSQHGPFTGIACGKSf^4SSVSLMGGRGG 

VPLYDRNHVTGASSSSSSSTKATLYPPILNPPRSPATDPSLYNMDMFYSSNIP 

ATVRPYRPYnRGMAPPTTPCSTDVCDSDYSASRWKASKYYLDLNSDSDPYP 

PPPTPHSQYLSAEDSCPPSPATCRSYFHLFPPPPSPCIDSS 
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Figure J 2(a) 



TAAATGGCTTGGCAAAGGGAGTTCATrcCTTTTAGCGCTTCCAra 
GTGAGAGGACACCGCATTTrnXTTTCTRXAGAGGAT 

'IXTTTGAAACCAGAGACCAAACCAACCAGCAACTIGGTCTTGAACTTCCCAGC 
CTCCACAACTCCTCGCCGCTCCTGCTAT^ 

GTnGGAGGOOGGCXKjAGTCAAGCTXXjAGTOCA 
GGATCKDGGCCGCAGTXjGAOTCCAGTIT^ 

ACGTCAGCGACKjAGGCCATC^GCAGAOCTACCTCAAC^ 
OGTGCAGAACGTGGTGATCTCCGGOCTGGTGT^^ 

TXK3GTGGGCAAGAACOGTAC7GGACGGAC7GAGAGACGAACCG^ 

TGGCCAACOGAATGGCACATCCCGGAAGGTGCTCT 

CAGGCGAGGGCCATGGarnGGACCCCGCTCACGGGTACATOT 

CIGGGGTGAGAOJCCOXGATTGAGCGGGCAGGGATGGATGGC 

AGATCATTCTGGACTCGGACATITACTGGCCCAATGGACTCACCATCGACCT 

GGAGGAGCAGAAGCTCTACTGGGCIGACGCCAAGCTCAGCTTC^ 

CCMCCTGGACGGCTCGTKTGGCAGAAGGTGGTGGAGGGCAG 

CCCTTCGCCXTTGACGCTXTTGCGGGGACACTCTOT 

CGCTCCATCCATGCCTGGAACAAGCGG\CTGGGGG^ 

TGAGTGGCXnGTACTCACCCATGGACATCCAGGTGCnrc 

COTTCTTCCACACTCGCTGTGAGGAGG 

CTGCTGTOOCCAAGCGAGOCTncrACACATGCGC^ 

CTGCAGGACAACXKX^GGACGTGTAAGGCACKJACKXX; 

'TCGCOQGGOGGACGGACCTACGGACKjATC^ 

ACATCGTGCTGCAGGTGGACGACATOXGCACXjCCATTGCCAT^ 

CCGCTAGAGGGCTATGTCTACTGGACAGATGAGGAGGTGaXXXrATG^ 

GGGGTACCTGGAG3GGTCTGGGGCGCAGACGCIGGTGA^ 

ACXXXGATGGCATCG03GTCGACTGGGTGGCCCGAAAC^ 

ACCK3GCACGGAC03CATCGACKm3ACGCGCCl€A^ 

CCTGGTGTCGGAGGACXITGGACGAGCaXGAGCG^^ 

C3C)GCCTX^TGTACTX3GACAGACTXK3C^ 

AACTTGGATGGGCAGGAGOjGCGTGTGCTGGTCA^ 

AAOGGGCTGGOCCIGGACCTGCAGGAGGGGAAGGTCTACTGG^ 

AGACAGACAAGATCGAGGTGATCAATGTTGATGGGACGAAGAGGCGGACC 
CTCOnGGAGGACAAGCTXXGGCACATITIXXKXnTG^ 

ATCTACTGGACIGACTPGGCAGCGCCGCAGCATCGACXX^ 

AGGCCAGOXJGGACGTC^TCATIGACCAGCnGaXGACCTGATGG^ 

GCIGTCAATGTGGOCAAGGTCGTCGGAACGAACXXGTGTGCG^ 

GGGGGTGCACJCCACXriGTGCTTUrTC^CAGOCX^C^ 

CATCGGCCTGGAGCTGCTGAGTGACATGAAGACCTGCATCGTGCCTC 

TtTTGGTinTGACCAGCAGAGCCGCCATCCACAGGATCTCCCTCGAGACCAAT 
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Figure 12(a), Ctd. 
AACAACGACGTGGCCATCCCGCTC^ 

CXnGATCTGTCCAACAACCACATCTACTGGACAGACGTCAGC 

ATCAGCCGCGCCTTCATGAACGGGAGCTCGGTGGA^ 

CCTTGACTACCnXJAGGGCATGGCOGTTXJACrcGATGG 

GGGCOGACACKXX}ACCAACAGAATXX5AAGTGGCa 

CCGGCAAGTCCTCGTT7IGGACKX3ACTT^ 

ATCXX^CCAAGGGCTACATCTACTTK3A(XGA 

CGTGCGGGCCrTCATGGACGGGACCAACTGCATGACXXTGG^ 

GCGGGGCCAACGACCTCACXIATTGACTAGGCTGACX^ 

ACXITGGACACCAACATGATCXjAGTCGTCCAACATGCTGGGTCAGGAGC 

(XnX3ATTCHDCGACGATCTOCCGCAC^ 

ATATCTACTXX}ACAGACTGGAATCTGCACAGCATTGAGCGGGCCGACAAGA 

CTAGCGGGCGGAACXIXjCAGCXnXIATXXAGGGCCACCTGGAC 

ATCCTGGTXnTXX^CTCCrcCCX3CCAGGATGGCCTC 

CAAOCK3GCAGTCTCGGCAGCTCTGCCTTGC(^ 

TGOGGCTX^CACTACAOCCTCGACOOCAGCAGO 

ACCTTCTTGCTGTTCAGCCAGAAATCTGCCATCAGTCGGATGATGCCCW 

CCAGCACAGCGCGGATCTCATCCTCCCCCTGCATCGACTCAGGAACGTCAAAG 

CCATCGACTATGACCCACTXXjACAAGTTCATCTACTGGGTGGATGGGCGCCA 

GAACATGAAG03AGCCAACK3ACGACGGGACCCAGCCCTTTGTTTTGACCTCT 

CTGAGCCAAGGGCAAAACCCAGACAGGCAGCCCCACGACCTGAGCATCGACA 

TCTACAGCCGGACACTCTTCTGGACGTGCGAGGCCACCAATACCATCAACGTC 

CAG^GGCTGAGCGGGGAAGCCATGGGGGTGGTGCTCCGTGGGGACCGGG 

GCCCAGGGCCATCGTCGTCAACGCGGAGCGAGGGTACCIGTACTTCACCAAC^ 

TGCACJGACCGGGCAGCCAAGATCGAACGCGCAGCCCTGGACCKXAOro 

GAGGTCCTCTTC^CCACOGGCCTX^Tra 

ACACTGGGCAAGCTGTTCTGGGTGGACGCGGACCTC 

GTGAGCTGTT^GGGGCCAACCGCCTCACCCTCGAGGACGCCAACA^ 

CCinCTXjGGCCTGACCATCCTTGGCAAGCATC^ 

CAGATGATCX3AGCGTGTCGAGAAGACCACCGGGGACAAGCGGACTCGCATCC 

GAGGAGTTCTCAGCCCACCCATGTGCCOjTGACAATC^^ 

CTCTATIXXXAAGGGTCATCGGACACCACCKjTCOX^TCKXC^ 

TGCTCCTGCAGAACXTTGCTGACCTGTGGAGAGCCGCGC^ 

AGTTTGCATGTGCCACAGGGGAGATCGACTGTATTXXXXGGGCCT^ 

GACHjCTTTOCXIXjAGTGCGATGA 

CTTXX3GCGCCCAGTTCCOCTGCGCGOGGGGTCAGT 

GCGA(XGCGAGGCAGACTGTX^GGAGCGCTO\GACGAGGCGGACTCTGAC^ 
ATCTGCC7GCCCAACCAGTTGCGGTGTXXXJAGCX3GCCAGTGTC 
ACAGCAGTGCGACTCCTTCCCCGACTGTATCGACGGCTCCGACGACCTCATC 
G7GAAATC\CCAAGCCGCCCTO\GAOjACAGCCCGGCCCACAGCAGTGCCATC 
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Figure 12(a), Ctd, 

GGGCOXiTCATTGGCATCATCX7I^^ 

CTIGTGOCAGOGGGTCGTXJICKIt^ 

ACGAGTATGTCAGCGGGA(XXXX3CACGTGCCCCT^ 

GTTOXAGCATGGaXXnTCACAGGCATOGC^TGCGGAA^ 

TOCIjKjAGOCTCATGGGGGGCCGGGGCGGGGTX^^ 

GTCACAGGGG<XIXDGTOC^GCAGCTCXjTO 

QCXJATCaX}AAGOCX}OOG<XCTCCCCX3Ga^ 

ACATGTTCTACICITCAAACATTCC 

ATCATTCGAGGAATGGCGCOCCCGA(XACGCCCTGCAGCAC^ 
CAGCXjACTACAGCG(XAGCCGCTGGAAGGCC^ 
AACITXX}ACK^GACXXCTATO2ACCCOCA(X(^a^^ 
TCXjG0GGAGGACAGCTG<XXDG<XCTO3CCG^ 

anCTiaxGacxjoanoacria^ 

CTCTGGCTTCTCTGTGCCCCrGTAAATAGTTTTAAATATG 
AAATATATTTTATGATTTAAAAAATAAATATAATTGGGATTTTAAAA 
ACATGAGAAATGTGAACTCTGATGGGGTGGGCAGGGCIGGGAGAACrTTGT 
ACAGTGGAACAAATATTTATAAACTTAATTTTGTAAAACAG 
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Figure 12(b) 

TAAAATGGCTTGGCAAAGGGAGTTCATTCCTT^ 

AGTCAGAGGACACrGCATKTKTKn^ 
ATCTTGAAACCAGAGACCAAA(XAA(XAG<IAACTTC 

GCCTCCACAACT 
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Figure 12(c) 



ATGGCTTGGCAAAGGGAGTTX^ 

GAGGACACCGCATTXTICTTUICCAGACftA^^ 

AAACCAGAGACCAAA(XAACCAGCAACTTXXTCTK5A^ 

CAACKXTCGCCGCTCCTGCTATTTGCCAAGGGCCGGGACGTACG^ 

CXXCGGCGGAGTCAAGCTGGAGTCCACXrATCXJrGGTC^ 

CGGCCGCAGTGGACTTCC^GTTTTCCAAGGGAGCXXTGT^ 

AGCGAGGAGGCCATTAAGCAGACCTACCTGAAGCAGACGGGGGCCGCCGTGC 

AGAACG1GGTCATUITXX3GCCTGGTCT^^ 

GGGCAAGAAGCTGTACTGGACGGACnPCAGAGAGCAACCGCATXIGAGGTGGCC 
AACCTCAATGGCACATCCCGGAAGGTGCTrTTCTGGCAGGACC™ 
GAGGGCCATCGGCTTGGACXXXX3CTCACGGGTACATGTACTGGACAGACTG 
GTGAGACGCCCCGGATTGAGCGGGCAGGGATGGATGGCAGCAGCCGGAAGAT 
CATTGTGG ACTCGG ACATTTACKXjCGC AATGG ACTG ACCATCG ACCTGG AG 

gagcagaagctctactgggcigacggcaagctt^gcrtcatcca 

cctggacggctcgtigcggcagaaggtggtggagggcagcctga 

g3ccctgacgctgtccggggag^ctctgtaciggaca 

catccatgccigcaacaagcgcactggggggaagaggaaggagatcctgag 

tg<xctctactcacccatggaca^ 

tcitccacactcgctgtgaggaggacaatggcggc^ 

tgtcccg^agcgaggctttutacacatgcxx^ 

aggag^acggg^ggacgtgtaaggcaggagccgaggaggtcctgctgctggc 

ccgg0ckjacck3acctacx3gack3atcno3ctxx3ac^ 
tcx7igctgcaggtggaggacatc03gcaggccattgcc^ ' 
tagagggctatgtctactggac^gatcacgaggtck:gggccatccgcagggc 

GTACCTCKjACGGGTCTCGGGGGCAGACGCTGGTCA^ 

ccgatggcatcgoggtogactgcjgtggcocgaaac^ 

GGCACGGACGjCATCXjAGGTCACGCCKIX^^ 

ggtctcggaggacctggaq3agccccgagcca7xxx^ 

cctcatgtactggacagactggggagagaaccctaaaatcgagtgtgccaa 

cttcgatgggg\ggagcggogtgtgctggtcaatgcctg^ 

cggcctcgcccnncx}agctgcaggaggggaagcictactggg^ 

cagacaagatggaggtgatcaatgttgatgggacgaagaggcggacgctcc 

tggaggacaagchxxcgcacattttcgggtrcac^ 

tactggactgaciggcagcgocgcack:atcgagcgggtc 

ccagcccjggacgtcatcattcaccagctcxxcgacctgatgg^ 

gtgaatgtggccaaggtcgtcggaacxraacccgtgtgcggacaggaacgggg 

ggtgcagccacctgtgcttrttcacaccocacgcaacxcg^ 

TCGGCCTGGAGCTGCTCAGTGACATTjAAGACCTGCATCGT^ 
TTGGTCTTCACCAGCAGAGC03a:ATCX>CAGGATCTCCCTCGAGACCAATA 
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Figure 12(c), Ctd. 
ACAACX3AOGTGGOCATTXXX3CTX^CCKXXX 

TTTCATGTGTCCAACAACCACATCTACTGGACAGACGTGAGCCTGAAGACC 
ATCAGCCGCG<XTTCATGAACGGGAGCTTO 

(XTTOACTACXCOGAGGGCATGGaxnTC 

CKDGCCGACACTGGGACCAACAGAATCGAAGTGGCGOGGCIG^ 

OIXjGCAAGTCCTCGTGTGGAGGGACTTGGAG^ACXXXjAG 

ATCXXA(XAAGGGCTACATCTACTXX}A(XGAGTC 

G3TCCGGG<XTTCATGGACGGGACC^ 

GCCGGGCCAACXjAC£TCACCATTGACTACCX^ 

ACXTTGGACACCAACATGATCGAGTCGTCCAACATGCTGGGTCAGGAGCGGGT 
CXjTGATTCCCGACGATCTXIXXXjCACXXG^ 

ATATCTACrXXJACAGACrGGAATCTGCACAGCATTGAGCGGGCCGACAAGA 
CTACKXX)CajGAACCG<^Ca^^ 

ATCCTGGTGTTXXACrcCTCCCGCCAGGATGGCCTCAATGACrc 
CAACGGGCAGTGTGGGCAGCTGTGCCTTGCCA1CCCCGGCGGCCA 
TXKDGCXnO^CACTACACtXTGGACCOCACK^ 

ACCirCnGCTCTTC^GGCAGAAATCTGGCATCAGTCGGATGATO 

CCAGG^CAGCCCGGATCTCATCCnPGCCCCTnGCATGGACIXjAGGAACGTCAAAG 

CTATCGACTATGACCCACTGGACAAGTTCATCTACTGGGTGGATGGGCGCCA 

GAACATGAAGCGAGCCAAGGACGACGGGACCCAGCCCITIGTTTTGACCTGT 

CTGAGCCAAGGO^AAACCCAGACAGGGAGCCCCACGACCTCAGCATGGACA 

TCTACAGCCGGAG^CTGTTCTGGACGTGCGAGGCG\CCAATACCATCAACGTC 

G^CAGGCIGAGCGGGGAAGCXIATGGGGGTGGTGCIGCGT^ 

GGCCAGGGCCATOjTCGTCAACCKZGGAGCGAGGGTACCTGTAC 

TGCAGGACCGGGCAGCG^AGATCXjAACXKXjCAGCXDC^ 

GAGGTCCIUITCACCACXXX3CCTCATCCGCa 

ACACTOGGCAAGCTGTTCTGGGTGGACGCGGACCTGAAGCGCATTG 

CTTCAOinnGTCAGGGGCC^AO^GCCTGACGCrGGAGGACGCG^ 

CCTCTCGGCCTCACCATtXTTGGCAAG^ 

CAGATGATCGAGCGTGTGGAGAAGACCACCGGGGACAAGCGGAC1GGGATCC 

AGGGOCGTGTGGOCCAarrcAOnCJGCATrX^TGCAGTG^ 

GAGGAGTTCTPCAGOXACCCATGTGCCCGTGAG\ATGGTGG 

CTGTATTGOCAACKjGTGATGGGACACCACXjGTCO 

TGCIXXJTGCAGAACXTGCTC 

AGTITGCATGTGCCACAGGGGAGATCGACTGTATCCniX^ 

GACGGCTTTCCOGAGTCCGATGACCAGAGCGACGAGGAGGGCT^^ 

CIGCGOCGCCXAGTTCCGCnGCGCGCGGGGTC^ 

GCGACGCJCGAGGCAGACTGTCAGGACCXjCTCAGACGACKX^ 

ATOGCCnXDCa^CCACrnnXGTCTCCGA 

ACAGCAGTGGGACTCCTTGCCCGACTGTATCGACGGCTCCGACGAGCTCAnnGT 
GTGAAATGACCAAGOCGOXTCAGACGACAGCCCGGCCG^CAGCAGTGCCATC 
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Figure 12(C), Ctd. 

GGGCCCGTG\TTGGCA^ 

GTCTCCCAGCGOGTGGTGTCCCAGC^ 

A(XAGTATGTCAGHDGCK3A(XXXX3CAajlX^ 

GTIOXAGCATGG<XeCT^ 

TOOCTTCAGCCnPGATT^ 

C^TCACAGGGGCCTCGTCCAGCAGCK 

CCGATtXTCAA<XOGCCX3(^^ 

ACATGTTCTACR^TCAAACATKXXX^ 

ATCATKXJAGGAATGGCGCCCCm^ 

CAG<XrACTACA(XX}CCAGC^ 

AACKX^GAOnCAGACCCCTATCCACCCCCAC^ 

TTO3CGGAGGA(^GCTXXXXXKXinO30CCGCC^ 

ounnDOGcccccraDC^^ 
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Figure 12(d) 



MAWOREFIPFSASIF(^ERTPHSSSPEDAAARRHLETRDQTNQQLRLELPSLH 

NSSPLLLFAmRDVRLVDAGGVKLESTTVVSGLEDAAAVDFQFSKGAVYWT 

DVSEEAIKQTYLNQTCAAVQNVVISGLVSPDGLAa)WVGKKLYWTOSETNR 

EVANLNGT^RKVLFWQDLDQPRAIALDPAHGYMYWTDWGETPRIERAGM 

DGSTRKIIVDSDIYWPNGLTIDLEEQKLWADAKLSFIHRANLDGSFRQK 

GSLTHPFALTl^GDTLYWTDWQTOSIHACNKRTGGKRKEE^ALYSPMDIQV 

L^0ER0PFFHTRCEEDNGGC5HLC1XSPSEPFTTCACPTGVQLQDNGRTCKAGA 

EE^LLARRTDLRJlISLDTPDFroi^QVDDERHAIAroYDPLEGYVYWTDDE 

WAIRRAYLDGSGAQTLVNTEINDPDGIAVDVA/ARNLYWTDTGTDREVTR 

LNGTSPJGLVSEDLDEPRAlALHPVMGLKmVTDWGENPKIECANLDGQERR 

VLWASLGWPNGLALDLQEGKLYWGDAKTDKIEVINVDGTKP^ 

HIFGrm.LGDFIYWTDWQRRSERVHKVKASPJ)WDQLPDLMGLKAVNVA 

KWGWCADRNGGCSHLCFFTPHATRCGCPIGLELl^DMKTCIVPEAFLVFT 

SRAAIHRISLETNNNDVAIPLTGVKEASALDFDVSNNHIYWTDVSLKTISRA 

FMNGSSVEHVVEFGLDYPEGMAVDWMGKM-YWADTGTNP^ 

QVLVWRDLDWRSLALDPTKGYW^ 

VGRANDLTIDYADQRLYWTDLDTNMIESSNMLGQERVVIADDIJ'HPFGLTQ 
YSDYTAVTDW^HSERADKTSGRmTLIQGHLDFVMDILVFHSSRQDGLND 
CMHN^GQCGQLOJUPGGPmCGCASHYTLDPSSRNC^PPTTFLLJFSQKSAISR 

MffDDQHSPDLEPLHGLRNV^^ 

VLTSl^QGQNPDRQPHDLSIDIYSRTLFWCEATNTINVHPvLSGEAMGVVLR 

GDRDKPRAIVVNAERGYLYFTNMQDRAAKIERAALDGTEREVLFTTGLIRPV 

ALVVDNTLGKLFW\03ADLKPJESCDLSGANRLinLEDAMVQPLGLmGK^IL 

YWTORQQQMERVEKTTGDKRTOQGRVAHLTGIHAVEEVSLEEFSAHPCAR 

DNGGCSmClAKGDGTPRCSCPVHLVLLQNLLTCGEPPTCSPDQFACATGEIDCI 

PGAWCXK3FPECI>IX}SDEEGCPVCSAAQFPCARG^ 

DEADCDAIClJPNQFRCASGQCVLIKQQCDSFPDCIDGSDELMCErrKPPSDDSPA 

HSSAlGPVIGm^IJVMGGVYFVCQRVVCQRYAGANGPFPHEYVSGTPHVP 

L^MAPGGSQHGPFTGIACGKSMMSSVSLMGGRGGWLYDRNHVTGASSSSS 

SSTKATLYPPILNPPPSPATDPSLYNMDMFYSSNIPATARPYRPYIIRGMAP 

PTTPCSTDVCDSDYSASRWKASKYYLDLNSDSDPYPPPPTPHSQYLSAEDSCP 

PSPATERSYFHLFPPPPSPCTDSS 
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Figure 12(e) 



TATAAAATGGCTTGGCAAAGGGAGTTCA 
CK^GTGAGAGGACACCGCATTCnrKnTXriXX^GAGGATG 
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Figure 13 



TAAGAGTATAAAGGGCTCCTGAGACCAAAAAGGTTGAGAACCAGTGCTTT 
AAAGCTTGATGTTTCTCAGGGTTTCATCCTTTGTGGATTAATGCCCATTATA 
AAATGGCTlXjGCAAAGOGAGTTCATTCCTTT^ 
TGAGAGGACAGXCATTCITTJITCTCCAGA 

CTTGAAACCAGAGACCAAACCAACCAGCAACTTCGTCnTCAACTTCCCAGCC 
TCXIACAACTCAGCAGTCTGTGCAGGACCCTXjIX}AG 

gctxxjixktatttgccaaccx3ccgggacgtacggctcgtggac 

caagctggagtccaccatxx7tggtcagcggcctggaggat^ 

acttccagttttcxl^agggagccgtgtactggacagacgtgagcgaggaggc 

catcaagcagacoacctgaaccagacgggggccgccgtgcagmcgtggtc 

atctgcggcctcgtctcttxx^^ 

ctgtactcgacggacix^gagaccaacx^ 

gcacatoccggaaggtgctctrctggcaggacgttgaccagccga 

GGCTTGGACOCCGCTCACGGGTACATCTACTTXjAC^ 

CGGGATTGAGCGGGCAGGGATGGATGGCAGCACCCGGAAGATCATTGTGGAC 

TCGGACATTTACTGGCCCAATGGACTGACCATCGACCTGGAGGAGCAGAAGC 

TCTACTCKX3CTGA0GCCAAGCTCAGCTC 

CGTTra3GCAGAAGGTCJGTXX}ACXX3CACKXTC 

TUITXGGGGACACTCTCTACTGG 

GCAACAAGCGCACTGGGGGGAAGAGGAAGGAGATCCTCAGTGCCCTCTACTC 

ACCCATGGACATO2AGGTGCTGAGCCAGGAGCGGCAGCC 1T1LTI CCACACTC 

GCTGTGAGGAGGACAATGGCGGCTGCTCCCAOZTGTGCCTGCrc 

ACKDCTTICTACA(^TGCCKXTnGCCC(^ 

AGGACGTGTAAGGCAGGAGCCGAGGAGGTGCTGCTCCtGG 

CCTACX3GAGGATCTCGCTGGACACGCCGGACTTTACCG^ 

TGGACGACATXXGGCACGCCATTGCCATCX3ACTAGGACCCGCT^ 

GTCTACTGGACAGATCACGAGGTCCGGGCCATOCCKAGa 

GTUIGGCK3CGCAGACC3CTGGTC^CACCX} 

03GTCGACTCGGTGGaXGAAAarTCTACTCKj 

ATCX}AGGTGACGCGCCTCAACCX]C^^ 

CCTCGACGAGCCCCGAGCCATCGCACTCCACCCaJTX}ATG^ 

GACAGACTXjGGGAGAGAACCCTAAAATCGAGTGTGCCAACTTGGATGGGCA 

GGAGGGGCGTGTGCTGGTCAATGCCTCCCTGGGGTGGCG^ 

GACCTGCAGGAGGGGAAGCTCTACTGGGGAGACX3CCAAGACAGACAAGATC 

GAGGTGATCAATGTTGATCJGGACGAAGAGGCGGACCCTCCTCGAGGACAAG 

CTOXGCACATTTTCGGGTTCACGCTGCTO 

TGGCAGCGCCGCAGCATCGAGCGGGTGCACAAGGTCAAGGC^ 

C^TCATTGACCAGCTGCCCGACCTGATGGGGCTCAAAGCTGTGAATGTCGC^ 

AAGGTCGTCGGAACCAACCCGTGTGCGGACAGGAACXjGGGGGTC 
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Figure 13, ctd 
TCTCCTIOTO^CA<XC^ 

GCTXjAGTGACATGAAGACCTPGCATXXjTGCCTXjAGGC 

GC AG AGCCGCC^TCCACAGG ATCTCCCTCG AG ACCAATAACAACG ACGTGGC 

CATCCCGCTCACGGGCGTCAAGGAGGCCTGAGOOCTCG^ 

ACAACCACATCTACTCGACAGACGTCAGCCTCAAGACCATCAGCaXGCCTr 

CATGAACGGGAGCTCGGTCJGAGCACGTGGTGGAGTnGGCCTTC 

AGGGCATGGCOJITGACTGGATGGGCAAGAACCTCTACTCGG 

GACG^ACAGAATOjAAGTGGCGCGGCTCGACCKjGC^ 

GTGTGGAGGGACTTCGACAACCOGAGGTCGCTGG 

CTACATCTACTGGACOGAGTGGGGCGGCAAGCCGAGGAT^ 

TGGACGGGACCAAOPGCATGACGCTGGTCK3ACAAGGTGGa 

CCTCACCATTGACrACGCTGACCAGCGCCTCTACTGGACCGACCTGGACACCA 

ACATGATCGAGTGGTCCAACATGCTGGGTCAGGAGCGGGTCGTGATTGCCGA 

CX3ATCTCCCGCACCCGTTCGGTCTGACGCAGTACAGCGATTATATCT 

CAGACTGGAATUTGCACAGCATTGAGCGGGCOjACAAGACTAGCGGCCGGAA 

CCGCACCCTCATCCAGGGCCACCTGGACTIGGTCAT^ 

CTGCTGCXrGCCAGGATGGCCTCAATGACTGTATGCACAACAACGGGCAGTGTG 

GGCAGCTGTGCCTIGCCATCCCCGGCGGCCACCGCnnGCGG 

C^CCCTGG ACCCCAGCAGC03CAACniGCAGCCCGCCCACCACC HUM GCTGTTC 

AGCCAGAAATCTGCCATCAGTCGGATGATCCCGGACGACCAGCACAGCGCGG 

ATCTCATCCTGCCCCTGCATGGACTGAGGAACGTCAAAGCCATCGACTATGA 

CCCACTCKjACAAGTTCATXTrACTGGGTGGATGGGCGCCAGAACATGAAGCGA 

GCCAAGGACGACXjGGACXXAGCCCTTTCTTTTGACCnxri^^ 

AAACCCAGACAGGCAGCCCCACGACCTCAGCATCGACATCTACAGCCGGACA 

CTGTTCTGGACGTGCGAGGOZACCAATACCATCAACGTCCACAGGCTC 

GGAAGCCATGGGGGTGGTGCTGCGTCKjGGACCGC 

TXXjTCAACCXXXjAGCGAGGGTACCTGTAC^ 

AGOCAAGATCXjAACC3CGCAGC<XTCK3ACGGCAC'CGAGCGC^ 

CCACCGGCCT(^TCCGCCCTGTGGCCCTCK7rc 

TGTTCTGGGTCK3ACGCGGACCTGAAGCGCATTCAGAGCTGTGACCTC 

GCCAACCGCCTGAaXTCGAGGACGCCAACATCGTCC^ 

ATCCTTGGCAAGCATCTCTACIGGATCGAC^ 

GTGTGGAGAAGACCACCGGGGACAAGCGGACTCGCATCCAGGGCCGT^ 

CAOTX^CTCK3CATCX^TGCACrrcGACK^ 

CCCACCCATGTC3CCCGTCACAATGGTCGCTCCTCC^ 

GGTGATGGGACACCACGCnXKJTCATGCCCAGTXr 

CCTGCTGACCTGTGGAGAGCOGCCCACCT^^ 

ACAGGGGAGATCGACTGTATCXXCGGGGCCTGGCGCnrGTC 

TOCGATGA(XAGAGCGACGAGGAGGGCTGCtXCGTGTGC 

CXXTGCGOGCGGGGTCAGTGTGTGGACCTG<XGC 

ACTGTCAGGACCGCTCAGACGAGGCGGACTCTOACGCC 



WO 98/46743 




PCT/GB98/01102 



39/67 



Figure 13, ctd. 




TATTTATAAACTTAATTTTGTAAAACAG 
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Figure 14 



GGCTXXTrcrTCAACIXX^GGCCTG 
GGATTATAG(XTCGCCGCTCOX 

TGGACGCCGGCGGAGTCAAGCTGGAGTOCA(XATOG^^ 

GATGOGGCXDGCAGTCGACTTCCAGTTTIXXA^ 

ACGGAGCGAGGAGGCCATC^GCAGAOTACCTGAACCAGACGG^ 

GTGCAGAACGTCGTCATCTGCGGCCTGGTCrCTCCC^ 

GGGTCGGCAAGAAGCTCTACIXjGACGGAa^ 

GGCCAACCIGAATGGCACATCCCGGAAGGTGCTCT^ 

AGCCGAGGGCO\TCGCCTIGGACCC03CTCACGGGTAC^TGTA 

TGGGGTGAGACX5CCCCGGATTGAG03GGGA.GGGATGGATGGCA 

AGATCATTGTGGACTCGGACATTTACTGGCCCAATGGACTC 

GGAGGACJCAGAAGCTXTACTCGGCTGACGCCAACJC^ 

CCAACOGGACGGCTCGTTCCX3GG^GAAGGTGGTGGAGGG 

CCCTTCGCCCTCACGCTCriXXXKK^ 
CXjCTCCATCCATGCCITXIAACAAGCGCAC^ 

TGAGTGCCCTCTACTCACCCATGGACATCCAGGTGCTGAGCCAGGAGCG 

CCTTTCnTTXAG\CTCGCTPGTGA 
CTGCTGTCCCG\AGCGAGCCTTTUTACACATGOjCCT^ 

ctgcaggacaacggcaggaogtgtaaggcaggagccgaggacjgtgctg^ 

TGGCOCGGGGGACGGACCTACGGAGGATCTCGCTGGACACXjOCG^ 

acatcchgctgcaggtggacgacatccgcx^cgcc^ 
cocjctagagggctatgtctactggacagatcacgaggtgcgggco^ 
ggcgtacctggacgggtctggggcgcagacgctggtcaacaccg 
acaxgatcgcatcgcggtcgactcjggtggcgcgaa^ 

ACGGGCACGGACCGCATCGAGGTGACGCXjCCTCAAGG 

cciggtctoggaggacctxxjacgagccccgaggcatc^ 
cjggcctcatgtactggacagaarggggagagaaoxtaaaatggagtgtgcc 

aacxiggatgggg\ggaggggotigtgctcx^ 

AACXjGCCTGGCCCTGGACCIXjCAGGAGGGGAAGC 

AGACAGACAAGATCGAGGTGATCAATGTTGATGGGACGAAGAGGCGGACC 
CIOTXjGAGGACAAGCTCXXXjCACATTIT^^ 

ATCTACTGGACTGACTCGCAGCGCGGCAGO^TCGAGCGGGTGCACAAGG^ 

AGGCCAGCCGGGACGTCATCATTCACCAGCTGCCCGA 

GCTGTGAATGTGGCCAAGGTCX}TCGGAACCAACCCGTGTGCGGA 

GGGGGTGCAGCCAGCTGTGCTlXrnX^CAGaXAGG^ 

CATOGGCCT 

GGAGCTGCTGAGTGACATGAAGACCTGCATCGTGCCTGAGGOJ HUH GGTCT 
TGACCAGCAG A GCCG CCATCCAC AGG ATCTCCCTCG AG ACCAATAAC AACG A 
CGTGGCCATCCCGCTCACGGCJCGTCAAGGAGGCCT^ 
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Figure 14, ctd, 

GTCCAACAAaZACATGTACTGGACAGACGTCAGCCIGAAGACCATCAGCCGG 

GGCTTCATCAACGGGAGCTGGGTGGAGCACGTCGTGGAGTTTGGCCTO 

COCCGAGGGCATGGCXDGTTGACIXjGATCK^^ 

CTXXXjACCAACAGAATCGAAGTGGCG<X}GCTXX)A 

CCTCGTGTGGAGGGACITXjGACAACCCGAGGTCXjCTGGCXX 

AGGGCTACATCTACTGGAOCXjAGTGCKKjCCJGCAAGCC^ 

ttx^tggacgggaccaactgcatga 
cgciggtggacaaggtgggcogggccaacgacctc^ 

CAGG3CCTCTAaX}GACCX3A<XlXX} 
TGCTXXjGTCAGGAGOGGGTOCnGATKXX^ 

TGACGCAGTACAGGGATTATATCTACTGGACAGACTGGAATCTGGACAGCA 
TTGAGCGGGOXACAAGACTAGOGGCCGGAACa3CACOCTt^TD2AGGGCCAC 
CTGGACTTCGTGATGGACATCCTGGTXjITC^ 

AATGACTGTATGCACAACAAOGGGCAGTGTGGGCAGCTGTGCCnGCCATO 
O00GO3GCCACCGCTQO3GCTQO3CC^ 

C AACIGG^GO^CGCCCACCACCrTGTTCCTGTTG AGCCAG AAATCTGCCATCA 
GTCCKjATGATCCXXXjACGAQC^GCACAGGCCX^ 

GACTGAGGAACGTCAAAGCCATCGACTATGACCCACTGGACAAGTTCATCT 

ACTGGGTGGATGGGCGCCAGAACATCAAGCGAGCCAAGGACGACGGGACCCA 

GCCCITTGTTnGACCTCIUrcAGCCAAGGCC^ 

ACGACCTGAGCATCGACATCTACAGCCGGACACTGTTCTGGACGTGCGAGGGC 

ACCAATACXIATCAACGTCCACACKjCTGAGCGG 

TGCGIGGGGACCGCGACAAGCCCAGGGCCATOTOG^ 

TACCTCTACnGACCAACATGCAGGACCGGGCAGCCAAGATCGAACGCGCAG 

(XXIHXX3ACGGCA(XGAGOGOGAGGTCCnUTTCAGCAC^ 

GGCCCTCGTGGTAGACAACACACTGGGCAAGCTXnTGKjGGTGG 

GGACCTCAAGCGCATTOAGAGCTCTGACXnXjTC^ 

TCXjAGGACGCCAACATTXnGCAGCCTGTGGGCGTGACCAT^^ 

CTCTACIGGATCGACCGCCAGCAGCAGATGATCGAGCGTGTGGAGAAGACCA 

CQGGQGACAAGQGGACICGCklQCA^ 

ATGG^GTGGAGGAAGTCAGa^GGAGGAGTTCTCAGCCCACCCATG^^ 

GACAATGGTGGCTGCIGCCACATCTGTATTGCCAAGGGTGATGGGACACCAC 

CKTTCCTX>TXXCCACriXrACCTCXnGC^ 

AGCCGOXACCTXXnXXXXXjGACCAGTrTGCATGTGOCAC^ 

GTATOXXXKXKXGTGGCGCrGTGACX}GGTTTCCC^ 

ACGAGGAGGGCTGCOXGTGTGCrCCGOCGOQCAGTTCCCCTG 

GTGTGTGGACCTGCGGCTGCGCTGCGACGGOGAGGCAGACTGT^ 

AGACGAGGCGGACnPGTGACGCCATCTGQiriX}COCAACCAGTTCC^ 

GCGG02AGTGTGTa^lX^7GAAACAGCAGTCCGACTCCTTGCC03ACTGTATC 

GACGGCTGCGACGAGCTCATGTGTGAAATCACCAAGCCGCCCPCAGACGACA 

GCCXXjGCCG4G\GCAG7GGCATCGGGCCCGTCATTOGG\TC 
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Figure 14, ctd. 

QjTCATGGGTGGTGTCT^ 

GGGGGQCAACXjGGOCCTKXXXjCACXj 

CCTC^ATTIX^TAGOCCO^^ 

ATGCGGAAAGTCCATGATCAGCTCCGTGAGCC^ 

TGaXCTUrAOGAOX3GAA<^ 

GCAa}AAGGCX^OGCKjTA(X!CXjODGATCXTO 

GGACaXiaZOTjTACAACATCKj^^ 

CTCTGAGA(XX7TACAGGCCCTACATC^ 

CXXTrcCAGCACCGACGTCTXTTCACAGCGACTAC^ 

CAGCAACTACTACXTGGATTTGAACTO 

CCACXXDOCCACACJOCACnACa^^ 

CACOGAGAGGAGCTACnTCXZATCJIUTTOX^ 

TCATOCTGACCTCGGCCGGGCCAC^^ 

TTAAATATGAACAAAGAAAAAAATATATTTTATGATTTAAAAAATAA 
ATATAATTXjGGATTTTAAAAACATGAGAAATGTGAACTGTGATGGGGTG 
GGCAGGGCTGGGAGAACTTTGTACAGTGGAACAAATATTTATAAACTTAA 
TTTTGTAAAACAG 
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Figure 15(a) 



AGGCKjGTXTTCAAACTCCTGGCCTTAAG 

GTGCTCAGATCACAGGTGTGAGCCACCGTGCCCGGCCC^ 

CCACXrrcAAACITGCCGOTTAAGCAGGTCCCCAGT^^ 

GCTIXrCA(XATIUIXXnTIOGTCTC^ 
GCTATTTGCCAACCGCCGGGACGTACXXjCTXXTGGA 

TGGAGTCXIACC^TCGTGGTCAGGGGCCTXj^ 
AGTTTTCCAAGGGAGaXJTGTACTGGACAGACGTGAGCGAG^ 
ACO\GACCTACCTGAACCAGACGGGGGCCGCCG 
GGCCTCGTCTTXTIXXXXjACGGGCTCGCCTXK^ 

TGGACGGACTCAGAGACCAA(XX}CATCGAGGTGGCCAACCTCAATGGCACA^ 

CCCGGAAGGTGCTCTTOTOCAGGACCTTGAOC^ 

ACCXrCXjCTCACXjGGTACATGTACTGGACAGACIXjGGGTG 

GAGCGGGCAGGGATGGATGGCAGCACCOjGAAGATX^TTXjTGGACTCGGACA 

TTTACTXjGCCXIAATCGACTGACCATCGACCTGGAGGAGCAGAA 

GGCTGACGCCAAGCTCAGCTItL\TC^ 

GCAGAACJGTGGTCGAGGGCAGGCTGACGCACXrCTT^ 

CKjACACICTXjTACTTXjACAGACTGGCAGAC^ 

AGCGCACTGGGGGGAAGAGGAAGGAGATCCTX3AGTGCCCTCTACTCACCCAT 

GGACATCCAGGTGCTGAGCCAGG AGCGGCAGCC IT1 <_T 1 CCACACTCGCTGTG 

AGGAGGACAATGGCGGCTGCTOXACXrrcTC^^ 

TCTACACATGCGCCTCCCCCACXjGGTGTGCAGC^ 

TCTAAGGCAGGAGCCGAGGAGGTGCTGCTCC^ 

GAGGATCTOCTGGACACGCCGGACTTTAC 

ACATCGjGCAGjCCATTCCCATCXj^ 

TCGACAGATGACX3ACX3TXXXKX^^ 

GGCGCAGACGCKXjTC^CACCGAGATC^ 

actcx3gtggcc0gaaacctctactcgaccgacacgggcacggaccg^ 
gtcacgcgcctcaacggcaccttxtgcaagat^^ 
cgagccccgagccatcgcaopc^ccccgtgatg^ 
actggggagagaaccctaaaatx:gagtgtcccaactkx}atgggcaggagc 

gggcttgtgcrggtcaatgcctoxtcgggt^^ 
gcaggaggggaagctctactggggagacgccaagacagacaagatcgaggt 

gatcaatgttcatgggacgaagaggcggaccxrkxnxxj 

cacattttcgggttcacgctgctx}ggggacn^ 

gcgccgcagcatcgagcgggtccacaaggtcaaggccagccgggacg^ 

ttg accagctgcccg acctg atggggctc aaagcpgtg aatgtggcc aaggtc 

gtc5ggaaccaacccgtgtgcggacaggaacggggggtgcagccaco 

cttocaccccacgcaacccggtctck}crccccc^ 

TG AC ATG AAG ACCTGCATCGTGCCTG AGGCCTTCTTXXjTCTTCACCAGCAG AG 
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Figure 15(a), ctd. 
CCGCCATCCACAGGATCTCCCTCGAGACCAATAACAACGACGTXXKXATC 

ctcacgggcgtcaaggaggcctgagccctggactttgatgtgtccaac 

catctactggacagacgtg^gcctgaagaccatcagccgcgccttgatgaac 

gggagctcggtggagcacgtcgtggagtttggccttgactaccccgagggcat 

GGCXX}TTGACnPGGATGGGCAAGAACCTCTACT^ 

AGAATCGAAGTGGCGCGKOTGGACC}GGCAGTIGCGGCA^ 

GGACTIGGACAACCCGAGGTCGCTCGCCCTGGATCCCACCA^ 

ACTGGACCGAGTCGGGCGGCAAGCCGAGGATCGTGCGGGCCTTCATGGA 

ACCAACTGCATGACGCTGGTGGACAAGGTGGGCCGGGCCAA 

TTGACTAOGCTOA(XAGCXjCCTCTAOT 

GAGTCGTXrAACATCCTCGGTCAGGAGCGGGTCGTGATT^ 

GCACCCGTTCGGTCTGACGCAGTACAGCGATTATATCTACTGGACAGACnrGG 

AATCIGCACAGCATTGAGCGGGCCGACAAGACTAG 

TCATO^AGGGCCACCTGGACTTCGTGATGGACATC^ 

GCCAGGATGGCCTCAATGACIXjTATGCACAACAACG 

GTGCCTTGGCATCOCXDGGGGGCCACCGCrc^ 

GA<XCCA(3CAC3CCC3CAAC^ 

AAATCTGCCATCAGTCGGATGATCCCGGACGACCAGCACAGCCCGGATGTCA 
TCCTGCCCCTGCATGGACnPGAGGAACGTCAAAGCCATCGACTATGACCCACTC 
GACAAGTTCATCTACTCGGTGGATGGGCGCCAGAACATCAAGCGAGCCAAG 
GACGACGGGACCCAGCCCTTTGTTTTGACCTXnGTC 

AGACAGGCAGaXCACGACCTCAGCATCGACATCTACAGCCGGACACTCTrCT 

GGACGTGCGAGGCCACCAATACCATCAACGTXXACAGGCIGAGCGGGGAAGC 

(^TGGGGGTCGTGCTGCGTGGGGACCGCGACAAGCCCAGGGGCAT^ 

ACGGCK3AGCGAGGGTACCTGTACTTCACCAACATGCAGGACCGGGCAGCCAA 

GATCGAACGGGCAGCarTGGACGGCACCGAGOXGAGGTT^^ 

CCTCATOCGCCCTXjTGGCCOXjGT^ 

GGTCK3ACGCGGACOGAAGCGCATTGAGAGCTGTC^ 

GCCTGACCCTGGAGGACGCCAACATCGTGCAGCOPCTGGGCOT 

GCAAGCATCTCTACTGGATCGACCGCCAGCAGCAGATGATCGAGCGTGTGGA 

GAAGACCACCGGGGACAAGCGGACTCGCATCXACXXjCCGTGTCGCCC^ 

CTGGCATCQ\TGCAGTGGAGGAAGTGAGCCTGGAGGAa 

TCTXXrO}TGACAATGGTGGCTGCTXXCACAT^ 

GAC^CCACGGTGCTCATGCCCAGTCCACCTrXJTCC^ 

CTGTGGAGAGCCGCCCACCTCCTCOXGGACCAGTr^^ 

GATCGACTCTATCCCCGGGGCCTGGCCKrrcTCACG 

OCAGAGCGACGAGGAGGGCTCCCOCGTGTGCTOX^ 

CGGGGTCAGTGTGTGGACX3GCGCCTGCGC^ 

GACCGOX^GACGACKXGGACTGTCACGCCATCTG^ 

TCTGCGAGCGGC£AGTCTCTTICTGATCA^ 

CTGTATCGACGGCTCCGACGAGCTCATGTG1GAAATCACCAAGCCGCCCTCAC 
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Figure 15(a), ctd. 

ACGACAGCCCGGCCCACAGC^^ 

CIUIXnTOTTCATCGGTGGTCTCrATrnxn^ 

(XTATGOGGGGGCCAACGGGCCCTTTX)OGCACGA 

ACGTGCCCCTCAATTTCATAGCCCCGGGCXKn^ 

GCATCGCATXKXXjAAAGTCCATGATC 

GGCGGGGTCOXXnUrAOGACCGGAACCAOCrir^C^ 

TOGTIXXA(XACGAAGG<XACXjCITjTAOC^^ 

CGGCCACGGAGCCCTCCCTGTACAACATGGAC^TGTTCT^ 

(TGGCCACTGCGAGA(XX3TACAGGGCXTACATCATT^ 

GA(XiACCKXCIXX^GCA(XGACGT^^ 
GGAAGGCCAGCAAGTACTACCTGGATTTGAACTCGGACTCAG 

ACCGCCACCCAGGGOCCAC^CKXAGTACCTGTOGGC^ 

TCGCCCGCCACCGAGAGGAGCTACTTCCATCTt^^ 

CACGGACTCATCCTGACCTCGGCCGGGCCACTCTGGCTTO^ 

ATAGTTTTAAATATGAACAAAGAAAAAAATATATTTTATGATTTAAA 

AAATAAATATAATTGGGATTTTAAAAACATGAGAAATGTGAACTGTGA 

TGGGGTGGGCAGGGCTGGGAGAACTTTGTACAGTGGAACAAATATTTATA 

AACTTAATTTTGTAAAACAG 
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Figure 15(b) 



CAATGTCCAGTTCCGCTGCAG 1 1 rCTTTTT A 

TTTTTTCCTTTTTCTITTTC 

GCAATGGG 
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Figure 16(a) 



GCCGCGGCGOCOGAGGCGGGAGCAAGAGGOGCCGGGAGOOGOGAGG 

CGGCCGCGCGOGGCATGGAGCCCGAGTCAGGGCGOG^ 

GACATGGAAAOGGCGCCGACXXX3GGOCXrroO^ 

TGCTCGTGCTCTACTGCAGCTTGGTOOCCGCC^ 

TGOCAACCGCCGGGATGTGCGGCTAGTGGAT^^ 

(XACCATTGTCGCCAGTCGCCTGGAGGATG 

TCCAAGGGTGCTGTGTACTGGACAGATGTGAGCXjAGGA 

ACCTACCTCAACCAGACTGGAGGTGCTGCAC^ 

TXXJTGTCACCTGATGGCCTGGCCT^ 

ACGGACTTXXjAGACCAACOGCATTGAGGTTGCCA^ 

TAAGGTTCTXTITCTXXjCAGGACCTCGACC^ 

ctgcacatgggtacatgtactggactcactgggggg 

GCGGGCAGGGATCjGATGGCAGTACCCGGAAGATCATTGTAGACTCXX}ACATT 

tactggcccaatgggctgaccatcgacctggaggaacagaagctgtactggg 

ccgatgqcaagctcagcttcatocagcgtggcaao 

agaagg7ggtggagggcagcctcactcaccctttto 

gacacacittactggacagactcgcagacccgot 

agtggacaggggagcagaggaaggagatccttagtgctctgtactcaccca 

tggacatccaagtgc7gagocaggagcggg\gccixxcto 

gaggaggacaaccjgtggongtixxcacctgtg^ 

TTCTACTOirrcTGGCTGCtXCACTXKjTG 

GTGCAAGACAGGGGCTGAGGAAGTGCTGCTGCTC^ 

AGGAGGATCTCTCTXjGACACCCCTGACnrTXIACAGACAT^ 

GCGACATCCGGCATCCCATTGOCATTGACTACGAT^^ 

TACTGGACCGATGATGAGGTGCGGGCTATQXK^ 

AGGTGCGCAGA(^CTTGTGAACACIGAGATCAATGACCCCGATX}G(^ 

GTGGACTGGGTCGCQIXjGAACCTCTACTGGACA^ 

TTGAGGTCACTCGCCTCAACGGCACCTCGCGAAAGATCCTGOT 

CTGGACGAACCGCXjAGCCATTGTGTTGCACCCTGTGAT^ 

GACAGACTGGGGGGAGAACCCCAAAATCGAATGCGCCAACCTAGATGGGAG 

AGATCGGCATGTCXTIGGTGAACACiCT 

TGGACCTCCAGGAGGGCAAGCnrGTACTGGGGGGATGCCAAAACTGATAAAA 
TCGAGGTGATCAACATAGACGGG 
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Figure 16(b) 



GXGCXXjOGCXXXjAGGOGG^ 
CXXKXGOGOGOGCEATtXjAGCDOGAGrrGAGOGa 
GACATGGAAACGGa3O0GAOO0G^^ 
TGCKjGTGCTGTACKXXGCITGGT^ 
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Figure 16(c) 




====== 

A^TCGCTA^ 

GAGGAC/MI^^ 
A^TCCG^ 

^gcagacIcttgtgaacactcagatg^ 

G^\CG^ACC^^ 

agaciggggggagaaccccaaaatcgaatgo3o:aacctagatgggag^ 

ATCG^ATCTGCTGGTGA^ 

ACOG^GGAGGGCAAGCTGTACTGGGGGGATGCCAAA^ 
AGGTGATCAACATAGACGGG 
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Figure 16(d) 



METAPTRAPPPPPPPLLLLVLYCSLVPAAASPLLLFANRRDVRLVDAGGVK 
lJESTWASGLEDAAAVDFQFSKGA\nrWTDVSEEAIKQTYLNQTGGAAQNTVl 
SGLVSPDGIJ^CDWVGKKLYWTOSEThn^^ 

lALDPAHGYMYV^DWGEAPRIERAGMDGSTRKirVDSDIYWPNGLTroLEE 
QKLYWADAKLSFWFAMJDGSF^ 

RSIHACNKWTGEQRJKEILS AL.YSPMDIQVLSQERQPPFHTPCEEDNGGCS HLCL 

l^PREPFYSCACPTGVQLQDNGKTCKTGAEEVLliAPJlTDLRRlSLDTPDFTDI 

VI^VGDIRHAIAJDDYDPLEGYYYWIT)DEWAIRRAYLDGSG 

PDGIAVDWVARNLWTDTGTDRffiVTPXNGTSRKILVSEDLDEPRArVLHP 

VMGLMYWTDWGEWKIECANLDGRDRJHVLVNT^ 

WGDAKTDKIEV1NIDG 
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Figure 17(a) 



<XIO}OOGCIOTTjCTATn^^ 

CGGAGTCAAGCTGGAGTCXACCATCGTGGTCAG 

G\GTGGACTIXXAGTITnXAAGGGAGCOj 

GGAGGCTATCAAGCAGACCTACCTCAACG\GAOGGGGGCC^ 

GTCGTCATCTTXXjGCCTGGTCT^ 

AGAAGCTGTACTGGACXjGACTXIAGAGA(XAACC^ 

CAATGGCACATCCCGGAAGGTGCTCT^ 

CCATCGCCTOGAOXCGCTT^CGGGTAC^ 

AGGCCXDOGGATTCAGOGGGCAGGGATCKjATCGCA 

TGGACKXX}ACATTrACIX3GC(XAATGGACTC 

GAAGOUTACTCKjGCTCACGCX^GanC^ 

ACGGCKXjITTXGGCAGAAGGTGGTCGAGGGC^ 

TGACXXnCKXDGGGGACAOUKjrACTGGACA^ 

ATGCCTGCAACAAGCGCACTCGGGGGAAGAGGA^ 

CTACTCACCCATGGACATXXAGGTGCTCAGCCAGGA 

ACACTCOITGTGAGGAGGACAATGGCGGCTXKnTXCA 

CAAGCGAGGCTTTCTACACATGCGCOXXXXXACGGGTGTGC^ 

AACGGCAGGACXJIGTAAGGCAGGAGCCGAGGAGGTCK^GC 

GACGGACCTACGGAGGATCTCGCTGGACAOKXGGAC^ 

TGCAGGTGGACGACATCXIX3GCACGCCATTGCCATCGACT 

GGCTATGTCTACTCGACAGATGACGAGGTGCGGGCCATCCGCAO 

GGACGGGTCTX3GGG0GCAGACGCTGGTCAACACCGAGATC^ 

GCATCX3CGGTCGACTCGGTGGCGCGAAACCTCT 

GACOCJCATCGAGGTGACGCGCCTX^CXjGCACanOCCGC^ 

GAGGACCTCK3ACGAGCCCCGAGOCATOGCACTGC^ 

TACTCJGACAGACTGGGGAGAGAACCCTAAAATCGAGTGTGCCAACTrGGAT 
GGGCAGGAGCGGOGTGTCCTCGTCAATG^ 

GCCCTGGACCIXXIAGGAGGGGAAGCTCTACTCGGGAGACGCCAAGACAGAC^ 

AGATCXjAGGTCATCAATGTTGATGGGACXjAAGAGGCXjGAG 

ACAAGCTXXXXX^CATTTTOjGGTTT^ 

ACTGACTCGCAGCGCOGCAGCATTCAGCGGGTGCACA^ 

GGACGTCATCATTGACCAGCTCICGCXjACCTGATGG 

GTGGOCAAGGTOGTCGGAACCAACCCOTGTGOGGACAGGAA 

GCCACCTTmXHTCnTCACAOCOCA 

GGAGCTCCTGAGTGACATGAAGAOCIGCATCGTGCCTC^ 

TTACCAGCAGAGCCGCCATQIACAGGATCTCCXTrc 

CGTGGCCATCXXXKTrCACGGGGGTCAAGGAGGCCT^ 

GTCCAACAACCACATCTACTGGACAGACGTCAGCCTGAAGACCATCAG 

GCCTTCATGAACGGGAGCTOjGTOGAGCACGTGGTG^ 

CCCCGAGGGCATCX3CCGTTCACrcGATG^ 
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Figure 17(a) Continued 



CTCCX3ACCAACAGAATXX}AAGTGGCXXXX3CK^ 

(XTCGTGTGGAGGGACTTGGACAACXGGAGGTCGCrc 

AGGGCTACATCTACTGGACXGAGTGGGGCXjGCAAGC^^ 

TTCATGGACGGGACCAACTGCATCACGCTCJGTGGAC 

ACGAOCTCA<XATK3ACTACCiCTGAC^ 

A(XAACATGATCXjAGTCXjTXXAACATGCIXjGGTC 

(XGACGATCTCCCGCACCCGTTCGGTCTT^ 

TGGACAGACTGGAATCnnGCACAGCATTGAGCGGGC^ 

GGAAGCGCACGCrcATlXAGGGGCAGCnjG 

TT0CACTCOCXXXK:CAGGATCKjCCnX^ 

GTUIGGCK^AGCTOIOXnG^ 

CACTACACCCTGGACCCCAGCAGCOGCAACnnG<^ 

CTGTTCAGCCAGAAATCTGCCATCAGTTXj^ 

GCCCGGATCTGATCCTGCCCCTGCATGGACTC 

TATGACCCACTCK3ACAAGTTCATCTACTC}GGTCH3ATGGGCGGCAGAACATCA 

ACJCGAGCCAAGGACGACXKK3ACCCAGOXTTTGTTTTCAC 

CK3CCAAAACCCAGACAGGCAGCCCCACGACCTCAGCATCX3ACATCTACAGCC 

GGACACTGTTCTGGACGTGCGAGGCCACCAATACCATCAACGTCCACAGGCT 

GAGCXXKXJAAGGCATGGGGGTGGTGCIXjCGTGCX^ 

CXZATCGTCGTCAACGCGGAGCGAGGGTACCnXjTACTTCACCAACATGCAGGA 

CCGGGCAGCCAAGATCGAACGGGCAGCCCrGGACGGCACC^ 

TCTTT^CCACCGGCCTCATCCGCCC^ 

GCAAGCTGTTXnXKKjTGGACGCXXjACCIXjAAGCXj 

TCAGGGGCCAACCGCCTGACCCTGGAGGACGCCAACATnjrc 

CTGACCATCCTTGGCAAGCATCTCTACTGGATCGACCGCC^ 

TCGAGCGTCTCGAGAAGACCAO:GGGGACAAGa3GACTGGCATCCA 

TGTCGCCCACCTCACTGGCATXX^TGCAGTGGAGGAAGTC^ 

TCTCAGCCCACCCATGTGCXXXjTGACAATG^ 

CCAAGGGTGATXKjGACACCACGGTGCTGATCCCCAGTCCAC^ 

AGAAGCTGCTCACXnX5TCK}AGAGCCX}CCCACCTGCTXr 

GTGOCACAGGGGAGATCGACTGTATCOXGGGGCCTCH3CGCTC 

CCGAGTGCGATGACXIAGAGCGACGAGGAGGGCTGCCCCGTGTCCTCC 

AGTTCOCCTCCGCGCGGGGTCAGTGTTjTGGACCTGCG 

CIGCAGACrGTX^GGA(XXXnXIAGACGAGGOGGACTGTG 

CCAACCAGTTXXGGTGTCKXjAGCGGCCAGTGTGTCCTC 

GACTCCTTCCCCGACTGTATCCACG 

CAAGCOjCCCTCAGACGA(^CKD0CGGCCCA<^CK^ 

TCK3CATCAT(XTCTCTCTXnTGGTCATC^ 

CGTGGTCTCCCAGCGCTATCKXK3GGGCCAACGGGCC^ 

CAGCGGGACCXXGCACGTGCCCCTCAATTTCAT^ 

TCX)CaXTTCACAGGCATCX3CATGCGGAAAGTT^ 
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Figure 17(a) Continued 



TGATGGGGGGOXjG^^ 
(Xn03TCCAGC^GCIXXnXXAGCA(XAAGGC^ 

AODOGCOGariaxcxxx^ 

ACTCITCAAACATTXXXJGCCACTGTGAGAC^ 

AGGAATX3GOGOOOCCX5ACGAOGaXTGCAGCAOCGACGTUTC 

A(^GCGCCAGCCGCTGGAAGGCCAGCAAGTACTA(XTG^ 

CTCAGAGCXXTATCCAOaXCAOO^ 

GGACAGCTCCCCGOCCKX^^ 

COCXXTCCGTOXXDCTGCACGGACTCAT^^ 

CTCTGTGCCCCTGTAAATAGTTTTAAATATGAACAAAGAAAAAAATATA 
TTTTATGATTTAAAAAATAAATATAATTGGGATTTTAAAAACATGAGA 
AATGTGAACTGTGATGGGGTXjGGCAGGGCTGGGAGAACTTTGTACAGTGGA 
ACAAATATTTATAAACTTAATTTTGTAAAACAG 
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Figure 17(b) 



SPLLLFANRRDVRLVDAGGVKLESTIV 
VSGLEDAAAVDFQFSKGAVYWTDVSEEAIKQTYLNQTGAAVQNVVISGLVSPDGLAC 
DWVGKKLYWTDSETNRIEVANLNGTSRKVLFWQDLDQPRAIALDPAHGYMYWTDW 
GETPRIERAGMDGSTRKIIVDSDIYWPNGLTIDLEEQKLYWADAKLSFIHRANLDGSFR 
QKVVEGSLTHPFALTLSGDTLYWTDWQTRSIHACNKRTGGKRKEILSALYSPMDIQVLS 
QERQPFFHTRCEEDNGGCSHLCLLSPSEPFYTCACPTGVQLQDNGRTCKAGAEEVLLL 
ARRTDLRRISLDTPDFTDIVLQVDDIBHAIAIDYDPLEGYVYWTDDEVRAIPvRAYLDGS 
GAQTLVNTEINDPDGIAVDWVARNLYWTDTGTDRIEVTRLNGTSRKILVSEDLDEPRAI 
ALHPVMGLMYWTDWGENPKIECANLDGQERRVLVNASLGWPNGLALDLQEGKLYW 
GDAKTDKIEVINVDGTKRRTLLEDKLPHIFGFTLLGDFIYWTDWQRRSIERVHKVKASR 
DVIIDQLPDLMGLKAVNVAKVVGTNPCADRNGGCSHLCFFTPHATRCGCPIGLELLSD 
MKTCIVPEAFLVFTSRAAIHRISLETNNNDVAIPLTGVKEASALDFDVSNNHIYWTDVSL 
KTISRAFMNGSSVEHVVEFGLDYPEGMAVDWMGKNLYWADTGTNRIEVARLDGQFR 
QVLVWRDLDNPRSLALDPTKGYIYWTEWGGKPRIVRAFMDGTNCMTLVDKVGRAND 
LTIDYADQRLYWTDLDTNMIESSNMLGQERVVIADDLPHPFGLTQYSDYIYWTDWNL 
HSIERADKTSGRNRTLIQGHLDFVMDILVFHSSRQDGLNDCMHNNGQCGQLCLAIPGG 
HRCGCASHYTLDPSSRNCSPPTTFLLFSQKSAISRMIPDDQHSPDLILPLHGLRNVKAIDY 
DPLDKFIYWVDGRQNIKRAKDDGTQPFVLTSLSQGQNPDRQPHDLSIDIYSRTLFWTCE 
ATNTINVHRLSGEAMGVVLRGDRDKPRAIVVNAERGYLYFTNMQDRAAKIERAALDG 
TEREVLFTTGLIRPVALVVDNTLGKLFWVDADLKRIESCDLSGANRLTLEDANIVQPLG 
LTILGKHLYWIDRQQQMIERVEKTTGDKRTRIQGRVAHLTGIHAVEEVSLEEFSAHPCA 
RDNGGCSHICIAKGDGTPRCSCPVHLVLLQNLLTCGEPPTCSPDQFACATGEIDCIPGA 
WRCDGFPECDDQSDEEGCPVCSAAQFPCARGQCVDLRLRCDGEADCQDRSDEADCD 
AICLPNQFRCASGQCVLIKQQCDSFPDCIDGSDELMCEITKPPSDDSPAHSSAIGPVIGIIL 
SLFVMGGVYFVCQRVVCQRYAGANGPFPHEYVSGTPHVPLNFIAPGGSQHGPFTGIAC 
GKSMMSSVSLMGGRGGVPLYDRNHVTGASSSSSSSTKATLYPPILNPPPSPATDPSLYN 
MDMFYSSNIPATVRPYRPYIIRGMAPPTTPCSTDVCDSDYSASRWKASKYYLDLNSDSD 
PYPPPPTPHSQYLSAEDSCPPSPATERSYFHLFPPPPSPCTDSS 
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Figure 18 (a ) 



GCCGCGGCGCCCGAGGCGGGAGCAAGAGGCGCCGGGAGCCGCGAGGATCCACCGCCGCCG 

CGCGCGCCATGGAGCCCGAGTGAGCGCGCGGCGCTCCCGGCCGCCGGACGACATGGAAAC 

GGCGCCGACCCGGGCCCCTCCGCCGCCGCCGCCGCCGCTGCTGCTGCTGGTGCTGTACTG 

CAGCTTGGTCCCCGCCGCGGCCTCACCGCTCCTGTTGTTTGCCAACCGCCGGGATGTGCG 

GCTAGTGGATGCCGGCGGAGTGAAGCTGGAGTCCACCATTGTGGCCAGTGGCCTGGAGGA 

TGCAGCTGCTGTAGACTTCCAGTTCTCCAAGGGTGCTGTGTACTGGACAGATGTGAGCGA 

GGAGGCCATCAAACAGACCTACCTGAACCAGACTGGAGCTGCTGCACAGAACATTGTCAT 

CTCGGGCCTCGTGTCACCTGATGGCCTGGCCTGTGACTGGGTTGGCAAGAAGCTGTACTG 

GACGGACTCCGAGACCAACCGCATTGAGGTTGCCAACCTCAATGGGACGTCCCGTAAGGT 

TCTCTTCTGGCAGGACCTGGACCAGCCAAGGGCCATTGCCCTGGATCCTGCACATGGGTA 

CATGTACTGGACTGACTGGGGGGAAGCACCCCGGATCGAGCGGGCAGGGATGGATGGCAG 

TACCCGGAAGATCATTGTAGACTCCGACATTTACTGGCCCAATGGGCTGACCATCGACCT 

GGAGGAACAGAAGCTGTACTGGGCCGATGCCAAGCTCAGCTTCATCCACCGTGCCAACCT 

GGACGGCTCCTTCCGGCAGAAGGTGGTGGAGGGCAGCCTCACTCACCCTTTTGCCCTGAC 

ACTCTCTGGGGACACACTCTACTGGACAGACTGGCAGACCCGCTCCATCCACGCCTGCAA 

CAAGTGGACAGGGGAGCAGAGGAAGGAGATCCTTAGTGCTCTGTACTCACCCATGGACAT 

CCAAGTGCTGAGCCAGGAGCGGCAGCCTCCCTTCCACACACCATGCGAGGAGGACAACGG 

TGGCTGTTCCCACCTGTGCCTGCTGTCCCCGAGGGAGCCTTTCTACTCCTGTGCCTGCCC 

CACTGGTGTGCAGTTGCAGGACAATGGCAAGACGTGCAAGACAGGGGCTGAGGAAGTGCT 

GCTGCTGGCTCGGAGGACAGACCTGAGGAGGATCTCTCTGGACACCCCTGACTTCACAGA 

CATAGTGCTGCAGGTGGGCGACATCCGGCATGCCATTGCCATTGACTACGATCCCCTGGA 

GGGCTACGTGTACTGGACCGATGATGAGGTGCGGGCTATCCGCAGGGCGTACCTAGATGG 

CTCAGGTGCGCAGACACTTGTGAACACTGAGATCAATGACCCCGATGGCATTGCTGTGGA 

CTGGGTCGCCCGGAACCTCTACTGGACAGATACAGGCACTGACAGAATTGAGGTGACTCG 

CCTCAACGGCACCTCCCGAAAGATCCTGGTATCTGAGGACCTGGACGAACCGCGAGCCAT 

TGTGTTGCACCCTGTGATGGGCCTCATGTACTGGACAGACTGGGGGGAGAACCCCAAAAT 

CGAATGCGCCAACCTAGATGGGAGAGATCGGCATGTCCTGGTGAACACCTCCCTTGGGTG 

GCCCAATGGACTGGCCCTGGACCTGCAGGAGGGCAAGCTGTACTGGGGGGATGCCAAAAC 

TGATAAAATCGAGGTGATCAACATAGACGGGACAAAGCGGAAGACCCTGCTTGAGGACAA 

GCTCCCACACATTTTTGGGTTCACACTGCTGGGGGACTTCATCTACTGGACCGACT 

GAGACGCAGTATTGAAAGGGTCCACAAGGTCAAGGCCAGCCXSGGATGTCATCATTG^ 

ACTCCCCGACCTGATGGGACTCAAAGCCGTGAATGTGGCCAAGGTTGTCGGAACCAACCC 

ATGTGCGGATGGAAATGGAGGGTGCAGCCATCrGTGCTTCTTC^CCCCACGTGCCACCAA 

GTGTGGCTGCCCCATTGGCCTGGAGCTGTTGAGTGACATGAAGACCTGCATAATCCCCGA 

GGCCTTCCGGTATTCACCAGCAGAGCCACCATCCACAGGATCTCCCTGGAGACTAACAAC 

AACGATGTGGCTATCCC^CTCACGGGTGTCAAAGAGGCCTCTGCACTGGACrTTGATGTG 

TCCAACIAATCAC^TCTACTGGACTGATGTTAGCCTCAAGACGATC^GCCGAGCCTTC^^ 

AATGGGAGCTCAGTGGAGCACGTGATTGAGTTTGGCCTCGACTACCCTGAAGGAATGGCT 

GTGGACTGGATGGGCAAGAACCTCTATTGGGCGGACACAGGGACCAACAGGATTGAGGTG 

GCCCGGCTGGATGGGC^GTTCCGGCAGGTGCTTGTGTGGAGAGACCTTGACAACCCCAGG 

TCTCTGGCTCTGGATCCTACTAAAGGCTACATCTACTGGACTGAGTGGGGTGGCAAGCCA 

AGGATTGTGCGGGCCTTCATGGATGGGACCAATTGTATGACACTGGTAGACAAGGTGGGC 

CGGGCCAACGACCTCACCATTGATTATGCCGACCAGCGACTGTACTGGACTGACCTGGAC 

ACCAACATGATTGAGTCTTCCAACATGCTGGGTCAGGAGCGCATGGTGATAGCTGACGAT 

CTGCCCTACCCGTTTGGCCTGACTCAATATAGCGATTACATCTACTGGACTGACTGGAAC 

CTGCATAGCATTGAACGGGCGGACAAGACCAGTGGGCGGAACCGCACCCTCATCdAGGGT 

CACCTGGACTTCGTCATGGACATCCTGGTGTTCCACTCCTCCCGTCAGGATGGCCTCAAC 
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Figure 18 (a) Continued 

GACGACGGTACCCAGCCCTCCATGCTGACCTCTCCCAGC^^ 

ACCAACACTATCAATGTCCACCGGCTGGATGGGGATGCCATGGGAGTCG^TGOTTrrarrr 

aacatgcaggacc^tgctgccaagatcgagcgagcctccctggatggcacagS 

GTCCTCTTCACCACAGGCCTCATCCGTCCCGTGGCCCTTGTGGTGG^ 

AAGCTCTTCTGGGTGGATGCCGACCTAAAGCGAATCGAAAGCTGTGACCTCTCTGGGG 

AACCGCCTGACCCTGGAAGATGCCAACATCGTACAGCCAGTAGGTCTGACAGTGCT 

^ CC SS ATCTGTATCGC ^^TGATGGAACACCGCGCTGCT^ 

GTGCTCCTGCAGAACCTGCTGACTTGTGGTGAGCCTCCTACCTGCTCCCCTGAT^G^T 

GCATGTACCACTGGTGAGATCGACTGCATCCCCGGAGCCTGGCGCTGTGACGG^ 

J G S^™ GCCAGTGTGTGGACCTGCGGTTACGCT ^ 

gatcgctctgatgaagtaactgcgatgctgtctgtctgcccaatcagttccggtgS 

GCGGCCAGTGTGTCCTCATCAAGCAACAGTGTGACTCCTTCCCCGACTGTGCT 
CTGATGAGCTCATGTGTGAAATCAACAAGCCACCCTCTGATGACATCCCAG^ 

TTGTCreCCAGCGTGTGATGTGCCAGCXSCTACACAGGGGCCAGTGGGCC^ 

ACGGTCCCTTCCCAGGCATCCCGTGC^GCAAGTCCGTGATGAGCTCC^TGAGCCTOCT^ 

G ^ G 5^ G S C ^ GCGTCCCCCTCTATGACCGGA ^ 

GCTCX3TCCAGCACAAAGGC(^C^CTATATCCGCCGATCCTGAACCCACCCCCGTC^ 
C^CAG^CCCCTCTCTCTACAACG^^ 

CTAGACCATACAGGCCCTACX3TCATTCGAGGTATGGCACCCCCAACAACACCCT 

CAGATGTGTGTGACAGTGACTACAGCATCAGTCGCTGGAAGAGCAGCA^T^ 

ACTTGAATTCGGACTCAGACCCCTACCCCCCCCCGCCCACCCC^ 

CTGCAGAGGACAGCTGCCCACCCTC^CCAGGCACTGAGAGGAGTm^ 

CGCCCCCACCGTCCCCCTGCACGGACT^^ 

GCCTCCCTGTAAATATTTTTAAATATGAACAAAGGAAAAATATM 
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Figure 18 (b ) 



ATGGAAACGGCGCCGACCCGGGCCCCTCCGCCGCCGCCGCCGCCGCTGCTGCTGCTGGTG 

CTGTACTGCAGCTTGGTCCCCGCCGCGGCCTCACCGCTCCTGTTGTTTGCCAACCGCCGG 

GATGTGCGGCTAGTGGATGCCGGCGGAGTGAAGCTGGAGTCCACCATTGTGGCCAGTGGC 

CTGGAGGATGCAGCTGCTGTAGACTTCCAGTTCTCCAAGGGTGCTGTGTACTGGACAGAT 

GTGAGCGAGGAGGCCATCAAACAGACCTACCTGAACCAGACTGGAGCTGCTGCACAGAAC 

ATTGTCATCTCGGGCCTCGTGTCACCTGATGGCCTGGCCTGTGACTGGGTTGGCAAGAAG 

CTGTACTGGACGGACTCCGAGACCAACCGCATTGAGGTTGCCAACCTCAATGGGACGTCC 

CGTAAGGTTCTCTTCTGGCAGGACCTGGACCAGCCAAGGGCCATTGCCCTGGATCCTGCA 

CATGGGTACATGTACTGGACTGACTGGGGGGAAGCACCCCGGATCGAGCGGGCAGGGATG 

GATGGCAGTACCCGGAAGATCATTGTAGACTCCGACATTTACTGGCCCAATGGGCTGACC 

ATCGACCTGGAGGAACAGAAGCTGTACTGGGCCGATGCCAAGCTCAGCTTCATCCACCGT 

GCCAACCTGGACGGCTCCTTCCGGCAGAAGGTGGTGGAGGGCAGCCTCACTCACCCTTTT 

GCCCTGACACTCTCTGGGGACACACTCTACTGGACAGACTGGCAGACCCGCTCCATCCAC 

GCCTGCAACAAGTGGACAGGGGAGCAGAGGAAGGAGATCCTTAGTGCTCTGTACTCACCC 

ATGGACATCCAAGTGCTGAGCCAGGAGCGGCAGCCTCCCTTCCACACACCATGCGAGGAG 

GACAACGGTGGCTGTTCCCACCTGTGCCTGCTGTCCCCGAGGGAGCCTTTCTACTCCTGT 

GCCTGCCCCACTGGTGTGCAGTTGCAGGACAATGGCAAGACGTGCAAGACAGGGGCTGAG 

GAAGTGCTGCTGCTGGCTCGGAGGACAGACCTGAGGAGGATCTCTCTGGACACCCCTGAC 

TTCACAGACATAGTGCTGCAGGTGGGCGACATCCGGCATGCCATTGCCATTGACTACGAT 

CCCCTGGAGGGCTACGTGTACTGGACCGATGATGAGGTGCGGGCTATCCGCAGGGCGTAC 

CTAGATGGCTCAGGTGCGCAGACACTTGTGAACACTGAGATCAATGACCCCGATGGCATT 

GCTGTGGACTGGGTCGCCCGGAACCTCTACTGGACAGATACAGGCACTGACAGAATTGAG 

GTGACTCGCCTCAACGGCACCTCCCGAAAGATCCTGGTATCTGAGGACCTGGACGAACCG 

CGAGCCATTGTGTTGCACCCTGTGATGGGCCTCATGTACTGGACAGACTGGGGGGAGAAC 

CCCAAAATCGAATGCGCCAACCTAGATGGGAGAGATCGGCATGTCCTGGTGAACACCTCC 

CTTGGGTGGCCCAATGGACTGGCCCTGGACCTGCAGGAGGGCAAGCTGTACTGGGGGGAT 

GCCAAAACTGATAAAATCGAGGTGATCAACATAGACGGGACAAAGCX3GAAGACCCTGCTT 

GAGGAGAAGCTCCCACACATTTTTGGGTTCACACTGCTGGGGGACTTCATCTACTGGACC 

GACTGGCAGAGACGCAGTATTGAAAGGGTCCACAAGGTCAAGGCCAGCCGGGATGTCATC 

ATTGATCAACTCCCCX1A.CCTGATGGGACTGAAAGCCGTGAATGTGGCCAAGGTTGTCGGA 

ACCAACCCATGTGCGGATGGAAATGGAGGGTGCAGCCATCTGTGCTTCTTCACCCCACGT 

GCC^CC^GTGTGGCrroCCCCATTGGCCTGGAGCTGTTGAGTGACATGAAGACCTGCATA 

ATCCCCGAGGCCTTCCTGGTATTCACCAGCAGAGCCACCATCCACAGGATCTCCCTGGAG 

ACTAACAACAACGATGTGGCTATCCCACTCACGGGTGTCAAAGAGGCCTCTGCACTGGAC 

TTTGATGTTCCAACAATCACATCTACTGGACTGATGTTAGCCTCAAGACGATCAGCCGAG 

CCTTCATGAATGGGAGCrrCAGTGGAGCAOSTGATTGAGTTTGGCCTCGACTACCCTGAAG 

GAATGGCTGTGGACTGGATGGGCAAGAACCTCTATTGGGCGGACACAGGGACCAACAGGA 

TTGAGGTGGCCCGGCTGGATGGGCAGTTCCGGCAGGTGCTTGTGTGGAGAGACCTTGACA 

ACCCCAGGTCTCTGGCTCTGGATCCTACTAAAGGCTACATCTACTGGACTGAGTGGGGTG 

GCAAGCCAAGGATTGTGCGGGCCTTCATGGATGGGACCAATTGTATGACACTGGTAGACA 

AGGTGGGCCGGGCCAACGACCTCACCATTGATTATGCCGACCAGCGACTGTACTGGACTG 

ACCTGGACACCAACATGATTGAGTCTTCCAACATGCTGGGTCAGGAGCGCATGGTGATAG 

CTGACGATCTGCCCTACCCGTTTGGCCTGACTCAATATAGCGATTACATCTACTGGACTG 

ACTGGAACCTGCATAGCATTGAACGGGCGGACAAGACCAGTGGGCGGAACCGCACCCTCA 

TCCAGGGTCACCTGGACTTCGTCATGGACATCCTGGTGTTCCACTCCTCCCGTCAGGATG 

GCCTCAACGACTGCGTGCACAGCAATGGCCAGTGTGGGCAGCTGTGCCTCGCCATCCCCG 

GAGGCCACCGCTGTGGCTGTGCTTCACACTACACX3CTGGACCCCAGCAGCCGCAACTGCA 
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Figure 18 (b) Continued 



GCCCGCCCTCCACCTTCTTGCTGTTCAGCCAGAAATTTGCCATCAGCCGGATGATCCCCG 
ATGACCAGCTCAGCCCGGACCTTGTCCTACCCCTTCATGGGCTGAGGAACGTCAAAGCCA 
TCAACTATGACCCGCTGGACAAGTTCATCTACTGGGTGGACGGGCGCCAGAACATCAAGA 
GGGCCAAGGACGACGGTACCCAGCCCTCCATGCTGACCTCTCCCAGCCAAAGCCTGAGCC 
CAGACAGACAGCCACACGACCTCAGCATTGACATCTACAGCCGGACACTGTTCTGGACCT 
GTGAGGCCACCAACACTATCAATGTCCACCGGCTGGATGGGGATGCCATGGGAGTGGTGC 
TTCGAGGGGACCGTGACAAGCCAAGGGCCATTGCTGTCAATGCTGAGCGAGGGTACATGT 
ACTTTACCAACATGCAGGACCATGCTGCCAAGATCGAGCGAGCCTCCCTGGATGGCACAG 
AGCGGGAGGTCCTCTTCACCACAGGCCTCATCCGTCCCGTGGCCCTTGTGGTGGACAATG 
CTCTGGGCAAGCTCTTCTGGGTGGATGCCGACCTAAAGCGAATCGAAAGCTGTGACCTCT 
CTGGGGCCAACCGCCTGACCCTGGAAGATGCCAACATCGTACAGCCAGTAGGTCTGACAG 
TGCTGGGCAGGCACCTCTACTGGATCGACCGCCAGCAGCAGATGATCGAGCGCGTGGAGA 
AGACCACTGGGGACAAGCGGACTAGGGTTCAGGGCCGTGTCACCCACCTGACAGGCATCC 
ATGCCGTGGAGGAAGTCAGCCTGGAGGAGTTCTCAGCCCATCCTTGTGCCCGAGACAATG 
GCGGCTGCTCCCACATCTGTATCGCCAAGGGTGATGGAACACCGCGCTGCTCGTGCCCTG 
TCCACCTGGTGCTCCTGCAGAACCTGCTGACTTGTGGTGAGCCTCCTACCTGCTCCCCTG 
ATCAGTTTGCATGTACCACTGGTGAGATCGACTGCATCCCCGGAGCCTGGCGCTGTGACG 
GCTTCCCTGAGTGTGCTGACCAGAGTGATGAAGAAGGCTGCCCAGTGTGCTCCGCCTCTC 
AGTTCCCCTGCGCTCGAGGCCAGTGTGTGGACCTGCGGTTACGCTGCGACGGTGAGGCCG 
ACTGCCAGGATCGCTCTGATGAAGCTAACTGCGATGCTGTCTGTCTGCCCAATCAGTTCC 
GGTGCACCAGCX3GCGAGTGTGTCCTCATCAAGCAACAGTGTGACTCCTTCCCCGACTGTG 
CTGATGGGTCTGATGACTCATGTGTGAAATCAACAAGCCACCCTCTGATGACATCCCAGC 
CCACAGCAGTGCCATTGGGCCCGTCATTGGTATCATCCTCTCCCTCTTCGTCATGGGCGG 
GGTCTACTTTGTCTGCCAGCGTGTGATGTGCCAGCGCTACACAGGGGCCAGTGGGCCCTT 
TCCCCACGAGTATGTTGGTGGAGCCCCTCATGTGCCTCTCAACTTCATAGCCCCAGGTGG 
CTCACAGCACGGTCCCTTCCCAGGCATCCCGTGCAGCAAGTCCGTGATGAGCTCCATGAG 
CCTGGTGGGGGGGCGCGGCAGCGTGCCCCTCTATGACCGGAATCACGTCACTGGGGCCTC 
ATCCAGCAGCTCGTCCAGCACAAAGGCCACACTATATCCGCCGATCCTGAACCCACCCCC 
GTCCCCGGCCACAGACCCCTCTCTCTACAACGTGGACGTGTTTTATTCTTCAGGCATCCC 
GGCCACCGCTAGACCATACAGGCCCTACGTCATTCGAGGTATGGCACCCCCAACAACACC 
GTGCAGCACAGATGTGTGTGACAGTGACTACAGCATCAGTCGCTGGAAGAGCAGCAAATA 
CTACCTGGACTTGAATTCGGACTCAGACCCCTACCCCCCCCCGCCCACCCCCCACAGCCA 
GTACCTATCTGCAGAGGACAGCTGCCCACCCTCACCAGGCACTGAGAGGAGTTACTGCCA 
CCTCTTCCCGCCCCCACCGTCCCCCTGCACGGACTCGTCCTGA 
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Figure 18(c ) 



1 METAPTRAPP 

51 KLESTIVASG 

101 IVISGLVSPD 
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Figure 18 (d ) 
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Figure 18(d) Continued 
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Figure 18(e ) 
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